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ABSTRACT 
Commercial soybean [Glycine max (L.) Merr.] breeding in the U.S. currently relies on a narrow 
genetic base in which more than half of the genetic contribution, calculated by pedigree analysis, 
comes from only 5 ancestral lines. For decades, but more intensely in recent years, efforts have 
been made to incorporate exotic soybean germplasm into the breeding pool. Although wild 
soybean (G. soja Seib. & Zucc.) is genetically much more diverse than soybean, much less effort 
has been devoted to utilizing wild soybean in soybean breeding. The objectives of this research 
are to identify high yielding lines derived from crosses between 5 wild soybean accessions and 
soybean cultivars; and determine if there are differences in the genetic contributions of each wild 
soybean parent. Each wild soybean was crossed to Williams 82 and the F1 plants were 
backcrossed to Williams 82. The BC2 parent lines were developed through intensive family 
selection and backcrossed to Williams 82. Family selection beginning in the F2 generation was 
used to develop lines from PI 507807 and PI 549046. The lines from PI 479767 and PI 483461 
were selected by early generation testing through yield testing F2 lines in the F3 and F4 
generation. The lines derived from PI 65549 were developed from an SSD population. Field 
evaluation of the derived lines in 6 environments in 2011 and 4 environments in 2012 identified 
lines that are not significantly different from their recurrent parents as well as checks for yield. 
Genotyping the experimental lines and all the parental lines using 1536 SNP markers with the 
Illumina GoldenGate assay, we found unique contributions being made by the G. soja parents. 
Also, alleles that are consistently introgressed from the G. soja parents into all derived lines were 
identified. Despite intense selection pressure to recover good agronomic types, an average of 
13% of SNP alleles in the derived lines came from the G. soja parents. 
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INTRODUCTION 
Soybean [Glycine max (L.) Merr.], rich in seed protein (~ 40%) and oil (~ 20%), is an 
economically important leguminous seed crop for feed, oil, and soyfood products (Singh and 
Hymowitz, 1999). It is the dominant oil-seed crop in world trade, accounting for about 58% of 
global oilseed production (USDA Foreign Agricultural Service’s database, 2011). The soybean, 
which is one of the most widely grown crop species in the world, is a papilionoid legume that 
has a wide range of adaptation involving a wide array of climatic, soil and growth conditions 
(Fageria et al., 1997). It is widely cultivated in the United States, Brazil, Argentina, China, and 
India with the United States being the world leading producer.  
Improvement in seed yield is an important breeding objective especially as world 
population and demand for food continue to increase. Projections of human population growth 
indicate there may be in excess of 9 billion people by 2050 (U.S. Census Bureau, 2010). It has 
been suggested that an increasing world population requires a second green revolution (Pardue, 
2010). At a 2008 conference of food security, United Nations secretary-general Ban Ki-moon 
indicated that food production must increase 50% by the year 2030 to meet the demand (Ki-
moon, 2008). It is clear that further crop improvement is required to meet the future needs of 
society and will be founded upon extensive utilization of the world’s genetic resources (Sneller 
et al., 2005). One of the major agricultural challenges of the 21st century will be to increase the 
yield of soybean and other major crop species to feed a growing population on a finite amount of 
farmland (Stupar, 2010).  
Genetic diversity, which has no impact unless it is utilized, is essential to improve any 
trait (Sneller et al., 2005). Soybean like most economically important crops has a narrow genetic 
base. For instance, Gizlice et al. (1994) found that 91 ancestral lines or progeny of ancestral lines 
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that were no longer extant explained 99% of the North American genetic base. Also, more than 
80% of the North American gene pool came from fewer than a dozen introductions (Gizlice et 
al., 1994). The diversity of soybean lost through the genetic bottlenecks of introduction and plant 
breeding has been shown to be mostly due to the small number of Asian introductions and not 
the artificial selection subsequently imposed by selective breeding (Hyten et al., 2006). Since the 
use of genetic diversity to form modern crops is one of the major accomplishments of agriculture 
(Sneller et al., 2005), it may be important to continue to examine and use genetic diversity that 
exist in domesticated and wild relatives of crop plants.  
Wild soybean (Glycine soja Sieb. & Zucc.) is considered to be the progenitor of the 
domesticated soybean (Singh and Hymowitz, 1999; Stuper, 2010). Though it is genetically more 
diverse than cultivated soybean (Li and Nelson, 2002; Hyten et al., 2006; Lee et al., 2008) it has 
rarely been used in cultivar improvement especially for increasing seed yield. G. max and its 
closest extant wild relative Glycine soja are phenotypically disparate in many ways; however, 
they readily cross with one another and give rise to fertile hybrids, thus making G. soja a 
promising source of novel genes and alleles for soybean breeding and improvement (Stupar, 
2010). Also, with the current advances in genetics and breeding, the use of wild soybean to 
improve soybean yield and other agronomic traits has much promise.   
 
Importance of wild germplasm 
One objective in modern plant breeding is to return to the wild ancestors of crop plants 
and employ some of the diversity that was lost during domestication for the improvement of 
agricultural yields under optimal as well as stress field conditions (Tanksley and McCouch, 
1997; Lee, 1998; Zamir, 2001; Vollbrecht and Sigmon, 2005). Crop wild relatives (CWR), 
including the progenitors of crops as well as other species more or less closely related to them, 
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have been undeniably beneficial to modern agriculture, providing plant breeders with a broad 
pool of potentially useful genetic resources (Hajjar and Hodgkin, 2007). The potential of wild 
species as a source of genetic variation to bring about crop improvement was recognized early in 
the twentieth century (Bessey, 1906). Their utility was recognized in breeding programs of major 
crops in the 1940s and 1950s and by the 1960s and 70s this practice was leading to some major 
breeding improvements (Meilleur and Hodgkin, 2004) such as the development of wheat and 
durum wheat cultivars from the genera Triticum and Aegilops with improved disease and pest 
resistance and increased protein concentration (Gale and Miller, 1987); production of new 
breeding lines of barley resistant to Helminthosporium leaf spot from hybrids of Hordeum 
spontaneum and H. vulgare (Budin, 1973); resistance to mildew (Erysiphe cichoreacearum) into 
Cucurbita maxima and C. pepo from the wild cucurbit (Rhodes, 1959); resistance to Fusarium 
and bacterial diseases in Phaseolus vulgaris subs. aborigineus (Gentry, 1969) and stem rust 
resistance in Triticum boeoticum (Zohary, 1970).  
In more recent years, tomato lines have been developed using QTLs from the wild 
species Lycopersicon hirsutum that outperform the original elite cultivar by 48, 22, and 33% for 
red yield, soluble solids content, and fruit color, respectively (Bernacchi et al., 1998). In rice, 
using wild germplasm, a high yielding cultivar NSICRc112 was released in the Philippines in 
2002 from the cross of Oryza sativa and O. longistaminata (Brar, 2005).  
Maxted and Kell (2009) recently reviewed the use of CWR in crop improvement and 
cited 291 articles reporting the identification and transfer of useful traits from 185 CWR taxa in 
29 crop species. They found that the degree to which breeders had used CWR diversity varies 
markedly among crops, being particularly prominent in barley, cassava, potato, rice, tomato and 
wheat; but of these, rice and wheat are the crops in which CWR have been most widely used, 
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both in terms of the number of CWR taxa used and successful attempts to introgress traits from 
the CWR to the crop (Figure 1). The most widespread CWR use is in the development of disease 
and pest resistance with the references citing disease and/or pest resistance objectives accounting 
for 56% of uses and yield increases only 10%. 
Despite the successes, the use of these exotic genetic resources in breeding programs in 
the past was often a time-consuming and laborious process that ended in failure. The principal 
obstacles in the use of wild relatives include cross incompatibility between the wild species and 
the cultivated crop; F1 hybrid sterility; infertility of the segregating generations; reduced 
recombination between the chromosomes of the two species; and genes of negative effect being 
tightly linked to the trait of interest (Zamir, 2001). Continual improvement in molecular 
technologies, interspecific hybridization techniques and genetic knowledge will facilitate the 
discovery and incorporation of genes from wild species to help sustain crop improvement. 
 
The use of wild relatives in other legume crop improvement 
Use of wild species for common bean improvement  
Though the use of wild germplasm for the improvement of yield in legumes has been 
limited, there have been some successes in the use of wild germplasm for yield improvement of 
common bean (Phaseolus vulgaris). Singh et al. (1995) crossed 39 accessions of wild and weedy 
beans from both Andean and Mesoamerican regions, with an improved high yielding tropical 
cultivar, ICA Pijao. Derived populations were evaluated for seed yield, days to maturity, and 
100-seed weight in the F1, F2, F3, and F4 generations. In the F5, 30 random selections were made 
and evaluated for seed yield from the F5 to F8. In general, yield was higher in the F1 and F2 and a 
marked reduction was observed in later generations, which was due to inbreeding depression.  
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Scientists at the Centro Internacional de Agricultura Tropical (CIAT, Cali, Colombia) 
have used the inbred backcross method to introgress wild P. vulgaris from one gene pool into the 
domesticated germplasm of the other gene pool. One such example is the development of an 
inbred backcross population between an elite black bean cultivar Negro Tacaná from Mexico and 
a wild bean accession G24423 from Colombia (López-Salinas et al., 1997). The original cross 
and two backcrosses were made at CIAT and the inbred progenies were evaluated through the 
Bean/Cowpea Collaborative Research Support Program (B/C CRSP) network in Mexico and the 
United States. One BC2F4:7 line produced the highest recorded bean yield in a Michigan State 
University yield trial (5790 kg ha-1) and outperformed the recurrent parent, Negro Tacaná, by 
27% (Kelly, 2004). The line continued to outperform commercial checks in National 
Cooperative Dry Bean Nurseries from 2002 to 2005. The most striking observations in these 
inbred backcross populations derived from wild P. vulgaris is the similarity after two 
backcrosses of the progeny to the domesticated recurrent parent, despite the obvious undesirable 
characteristics of the wild parent. From 2003 to 2005, five lines derived from the above 
mentioned population were tested in uniform yield trials in Central Mexico and compared to 
cultivars derived from crosses between elite parents. In terms of seed yield, the average of the 
five backcross lines in eight trials was 11% higher than the recurrent parent Negro Tacana (1861 
vs. 1656 kg ha-1). The best backcross line, UG-21141-102(F1)-1-1-M, out yielded the recurrent 
parent by 17% and the best improved cultivar in the trial, Negro 8025, by 6%. In six out of the 
eight trials, a backcross line was the top yielder. 
In another study, the improved cultivar Negro Tacaná was crossed with three different 
wild bean accessions (G12947, Hidalgo and G24429). For each of these three crosses, three 
different populations were established: (i) simple cross, (ii) double recombinants (the crossing of 
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different F1 plants within a simple cross), and (iii) first backcross. A field trial was established in 
the summer of 1998 at the Valle de Mexico Experiment Station, near Texcoco, Mexico, which 
included the domesticated parent Negro Tacaná and the nine segregating populations, all of 
which were in the F4 generation. The three backcrosses and double recombinant populations 
showed a phenology similar to that of the domesticated parent. In all segregating populations, 
there were individual plants that produced higher yields than the plants of the domesticated 
parent. All three backcross derived populations and the one derived from the simple cross of 
Negro Tacaná × G24429 showed a seed yield similar to that of the inbred parental line. The three 
backcross populations showed a seed size similar to that of the domesticated parental line, while 
all the populations derived from simple crosses and double recombinants showed an intermediate 
seed size. In this study, a single backcross allowed the recovery of the average seed yield and 
seed size displayed in the domesticated parent. In addition, most plants in the backcross 
populations resembled the type III growth habit of landraces and cultivars widely grown in the 
Mexican highlands. In a second trial, 41 F6.8 lines derived from F5 individual plants, chosen in 
different numbers from each cross on the basis of seed size, were grown in two consecutive years 
at the same location as the previous trial. Families derived from double recombination produced 
the lowest yields, while families from the single crosses and backcrosses produced yields 
comparable to that of the domesticated inbred cultivar. Among the single crosses, those with the 
weedy parent had at least a line with yields exceeding 4 Mg ha-1, while the single cross and 
backcross with the wild parent G24429, produced lines yielding 3.5 Mg ha-1. These lines were 
significantly (P > 0.01) superior in seed yield to the cultivated parent Negro Tacaná. 
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Use of wild species for chickpea improvement  
Chickpea, one of the most important grain legumes in the world, has also recorded some 
significant successes in terms of yield improvement with the use of wild relatives. Jaiswal et al. 
(1987) found 3 out of 5 F5 lines derived from the cross C. arietinum × C. reticulatum gave 
significantly higher yield than the superior chickpea check, with one line giving a 51% increase. 
Even though a number of undesirable characters of C. reticulatum (reticulate seed coat, dark 
coloration, pod shattering, prostrate growth habit and bitter taste) reduced the value of higher 
yielding lines, it was an early indication of the potential of wild chickpea as a source of genes for 
yield improvement. Studies (Singh and Ocampo, 1997; Singh et al., 2005) have also shown that 
wild Cicer species have genes for desirable yield components such as high number of fruiting 
branches and pods per plant. A high degree of heterosis for seed yield in the F1 generation was 
observed in interspecific crosses of C. arietinum × C. echinospermum (153%) and C. arietinum × 
C. reticulatum (139%) (Singh and Ocampo, 1993). Singh and Ocampo (1997) made an attempt 
to increase the seed yield in chickpea through the introgression of genes from wild relatives at 
the International Center for Agricultural Research in the Dry Areas (ICARDA), Syria, from 1987 
to 1995. Four crosses, ILC 482 (C. arietinum) × ILWC 179 (C. echinospermum) and ILC 482 × 
ILWC 124 (C. reticulatum) and their reciprocals, were made. Pedigree selection was then used to 
advance the material. Heterosis was recorded visually in F1 plants, and single plant 
measurements for seed yield were recorded in F2 populations. Promising and uniform progenies 
were bulked in the F5 generation. Out of 96 F6 lines, 22 were selected on the basis of seed yield 
and other agronomic characters, and evaluated in a replicated trial for seed yield, agronomical, 
morphological and quality characters. Among the key findings of this study were the 
observations of a high level of heterosis in F1 plants as well as several F2 plants producing two to 
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three times more seed yield than the best plant from the cultigen. Also, nine F7 lines out-yielded 
the cultigen parent by up to 39%. Over 2 years, 12 lines had a higher yield than the cultigen 
parent. These lines were not only high yielding but also free of any known undesirable traits 
from the wild species, such as spreading growth habit, pod dehiscence, and non-uniform 
maturity. 
Singh et al. (2005) made an attempt to also introgress productivity and disease resistance 
into chickpea from wild Cicer species. In this study, the F1 hybrids of cultivated chickpea 
genotypes ‘L550’ and ‘FGK45’ with C. reticulatum were backcrossed twice to their cultivated 
female parents to minimize the linkage drag of undesirable wild traits. The pedigree method was 
followed to advance the segregating populations from bi-parental crosses and BC1/BC2 
generations to F5 to F7. The interspecific derivatives recorded up to a 17% increase over the 
check cultivars and a 25% increase over the female parent in a preliminary yield evaluation trial. 
Of the 22 interspecific derivatives, 6 lines that possessed a high degree of resistance to wilt and 
root rot diseases, were further evaluated for seed yield in replicated trials at three diverse 
locations. These lines recorded a 6–17% seed yield increase over the best check cultivars. The 
performance of the lines developed in these studies utilizing wild germplasm suggest that genetic 
reshuffling, originating from the hybridization between wild and cultivated crop species could 
produce favorable combinations of genes resulting in high yield. 
 
Soybean germplasm enhancement and genetic diversity 
Utilizing exotic soybean germplasm to improve soybean 
For decades, but more intensely in recent years, efforts have been made to incorporate 
exotic soybean germplasm into the North American soybean breeding pool. In order to determine 
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whether or not having greater genetic diversity would lead to greater genetic gains, Ininda et al. 
(1996) conducted a study that looked at the rate of gain for seed yield in five populations with 
different percentages of plant introduction (PI) parentage (Vello et al., 1984) after three cycles of 
recurrent selection. The percentages of PI parentage were 100%, 75%, 50%, 25%, and 0% in 
populations AP10, AP11, AP12, AP13, and AP14, respectively. Each population contained 200 
F4-derived lines from different intermatings of 40 PIs and 40 North American cultivars. The 
linear response to selection was significant (P < 0.01) for all populations. However, the 
differences in percent yield gain were not significantly different (P < 0.05) among populations 
AP 10 (3%), AP 11 (2%), AP 12 (3%), and AP 13 (3%), only AP 14 (5%) had a significantly 
different response. The study showed that after three cycles of recurrent selection, the population 
with 0% PI parentage (AP 14) had a significantly higher rate of genetic improvement for seed 
yield when compared with populations containing 25% to 100% PI parentage. It also showed 
that there is no significant difference in the rate of genetic improvement for seed yield in 
populations containing 25% to 100% PI parentage. However, the populations containing 50% to 
100% North American parentage did have significantly greater yields than the populations 
containing 0% to 25%. 
Sneller et al. (1997) conducted a study to evaluate the association of agronomic value and 
genetic diversity of selected PIs and to conduct a preliminary comparison of their value in the 
southern U.S. with that of selected northern U.S. cultivars. Field evaluations of 31 PIs, 11 
populations derived from cross of five northern cultivars × southern lines and 15 southern lines 
were conducted at five environments. Restriction fragment length polymorphism (RFLP) data 
from 60 loci were collected from all PIs, parents of the populations, and 57 southern elite lines. 
The agronomic value of most PIs was found to be low because of excessive shattering, lodging, 
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and/or poor yield. The estimated yield potential of most of the northern cultivars exceeded the 
mean yield of the PIs and they had less shattering than the PIs. Analysis of the RFLP data 
showed that the PIs and the northern cultivars were genetically divergent from the southern elite 
population and from each other. The agronomic value and relative diversity of the PIs were 
independent. Diverse PIs with above average agronomic value were identified. They concluded 
that these PIs may serve as sources of genetic diversity that can be exploited through simple 
breeding schemes. The southern PIs and northern lines may act as complementary gene pools to 
provide desirable genes for diversifying southern U.S. soybean.  
Another study that investigated the potential use of exotic germplasm was conducted by 
Thompson and Nelson (1998). The objective of their research was to evaluate the genetic 
diversity and agronomic performance of 57 experimental lines derived from accesions 
maintained in the USDA Soybean Germplasm Collection. Experimental lines containing 25 to 
100% PI germplasm (based on pedigrees), their parents, and released public cultivars were 
evaluated for yield in seven environments in 1994 and 1995. Data from random amplified 
polymorphic DNA (RAPD) fragments were collected and genetic relationships among all 
genotypes were estimated using hierarchical and nonhierarchical cluster analyses. Experimental 
lines were identified that yielded significantly more than their domestic parent. Comparisons of 
pairwise distances revealed that many of the high-yielding experimental lines were more diverse 
than their domestic parents from the nonparental cultivars. The increased genetic diversity and 
yield provide evidence that exotic germplasm can contribute genes for high yield.  
Smalley et al. (2004) also investigated the potential use of exotic germplasm to improve 
soybean. The objectives of their study were to identify QTL for yield in elite and PI germplasm 
and to determine if the PIs possessed favorable alleles for yield. Allele frequencies were 
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measured with 184 fluorescently labeled SSR markers in three populations, designated AP10, 
AP12, and AP14, that differed in their percentage of PI parentage. AP10 had 40 PI parents, AP12 
had 40 PI and 40 elite parents, and AP14 had 40 elite parents. Four cycles of recurrent selection 
for yield had been conducted in the three populations. Allele frequencies of the highest-yielding 
cycle 4 lines in the three populations were compared with the parents used to form the 
populations of the initial cycles. Allele flow was simulated to account for genetic drift. Fifty-four 
SSRs were associated with 43 yield QTLs. Sixteen favorable marker alleles were unique to the 
PI parents.  
More recently Kim et al. (2012) explored the potential of exotic germplasm to improve 
soybean. The objective of this study was to map QTL in two backcross populations developed 
using soybean PIs as donor parents. The first population (E) included 116 BC2F3-derived lines 
developed using ‘‘Elgin’’ as the recurrent parent and PI 436684 as the donor parent. The second 
population (W) included 93 BC3F3-derived lines developed with ‘‘Williams 82’’ as the recurrent 
parent and PI 90566-1 as the donor parent. The two populations were genotyped with 1,536 SNP 
markers and evaluated for 2 years for seed yield and other agronomic traits. In the E population, 
two yield QTLs were identified and the PI 436684 alleles were associated with yield increases. 
In the W population, a QTL allele from PI 90566-1 accounted for 30% of the yield variation; 
however, the PI region was also associated with later maturity and shorter plant height. No yield 
QTL was previously reported at the regions where these QTL map indicating that exotic 
germplasm can be a source of new alleles that can improve soybean yield. The aforementioned 
studies show that exotic germplasm have been useful in enhancing the genetic base of soybean, 
however, introgression of new genetic diversity through hybridization with wild soybean may be 
one way to increase the genetic variation of breeding populations (Brown-Guedira et al., 2000).  
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North American soybean diversity 
Genetic variation is the engine that propels breeding to meet future challenges (Zamir, 
2001). Knowing the degree of genetic similarity among lines is of fundamental importance for 
efficient plant breeding programs. Such information is useful for organizing a working 
collection, identifying heterotic groups, and selecting parents for crosses (Bonato et al., 2006).  
Worldwide it is estimated that there are approximately 45,000 unique soybean accessions 
preserved in germplasm collections (Carter et al., 2004). In the U.S., there is a subdivision of the 
commercially used germplasm pool between the northern and southern regions (Carter et al., 
2004). Lincoln and Mandarin (Ottawa) are the major contributors to the northern and S-100 and 
CNS are the major contributors to the southern germplasm pool (Gizlice et al., 1994). Pedigree 
analysis reveals that Lincoln and Mandarin (Ottawa) contribute 24 and 17% to U.S. cultivars in 
maturity group IV and earlier and S-100 and CNS contribute 21 and 25%, respectively to U.S. 
cultivars in maturity group V and later that were released between 1947 and 1988 (Gizlice et al., 
1994). Gizlice et al. (1994) showed further that more than 85% of the genes present in modern 
North American soybean cultivars could be traced to a collection of 18 ancestors or their initial 
progeny. They also determined that only 35 ancestors contributed more than 95% of all alleles 
and as few as five lines account for more than 55% of the genetic background of public cultivars 
in North America.  
In their work examining a small set (45) of Canadian cultivars released over almost 70 
years (1934–2001), Fu et al. (2007) reported that the genetic diversity observed among this 
Canadian germplasm is significantly lower than that observed in a set of 37 exotic germplasm 
accessions from Asia and Europe. The authors also found evidence that accessions from 
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northeastern Europe have played an important role in establishing the germplasm currently in use 
in Canada.  
 
Wild soybean (Glycine soja) 
Genetic diversity  
 Wild soybean is considered the direct progenitor of cultivated soybean based on 
morphology (Broich and Palmer, 1980), cytogenetics  (Hymowitz and Singh, 1987; Palmer et al., 
1987) and molecular analyses (Kollipara et al., 1997; Abe et al., 1999). There is no agreement on 
the center of domestication. De Candolle (1886) synthesized data from diverse disciplines such 
as taxonomy, archeology, history and philology into a geographical framework and predicted 
soybean as a Far Eastern domesticate. Vavilov (1951) locating the area where the greatest 
diversity of types occurred for a particular crop concluded that soybean belonged to the Chinese 
center of origin for cultivated plants which geographically was located in mountainous regions of 
central and western China, together with the adjacent lowlands. Zhukovsky (1968) modified and 
expanded Vavilov's Chinese center into a Chinese-Japanese center, which includes the eastern 
half of North China, Japan and Taiwan. Fukuda (1933) strongly argued for a soybean gene center 
in Manchuria, now northeast China, as the location of soybean domestication. He reasoned that 
G. gracilis, the weedy form, is distributed widely in Manchuria but less frequently in other 
regions of China. Numerous soybean cultivars are grown in Manchuria and many of the soybean 
cultivars in Manchuria appear to have primitive characteristics.  
Li et al. (2009a) using 42 simple sequence repeat primers evaluated genetic diversity in 
375 wild soybean accessions from China. These were part of the core collection established by 
Zhao et al. (2005) based on morphological characters. To assess variation and differentiation at 
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the geographical level, the accessions studied were divided into seven geographical regions 
according to provenances of accessions: north (Beijing, Shanxi and Hebei), northeast (Shandong, 
Jiangsu and Anhui), southeast (Zhejing, Jiangxi and Fujian), central (Henan, Hubei and Hunan), 
northwest (Ningxia, Gansu and Shannxi), southwest (Sichuan, Chongqing, Tibet and Guizhou) 
and south (Guanxi and Guangdon). A total of 824 alleles were detected in the 375 accessions 
varying from 8 to 33 alleles at each locus with an average of 19.6. The mean gene diversity (H) 
per locus was 0.89, varying from 0.62 to 0.98 across all loci. Alleles unique to geographical 
regions were identified at 35 loci. Expected heterozygosity per locus (He) for the north (0.85), 
northeast (0.86), southeast (0.84), center (0.87), northwest (0.85), southwest (0.75), and south 
(0.73) were observed. A very low mean coefficient of gene differentiation (GST = 0.08) for 
geographical regions and a high mean within-region gene diversity (HS = 0.81) were observed, 
indicating that most genetic diversity existed within the regions. There was a relationship 
between genetic distance and geographical distance. The results showed multiple centers of 
genetic diversity for Chinese wild soybean in North China, the Huanghe River Valley, and 
Central China as well as the Changjiang River Valley. 
Annual wild soybean is widely distributed in China (Li et al. 2009), the Korean peninsula 
and the main islands of the Japanese archipelago (Lu, 2004). In China, a number of wild soybean 
populations have become extinct or have been significantly reduced in recent decades due to the 
loss of a significant portion of their natural habitats at many locations (Pan et al., 2000). The 
genetic diversity patterns of wild soybean have been evaluated on the basis of enzymes in natural 
populations in Japan (Fujita et al., 1997), China (Pei et al., 1996) and South Korea (Yu and 
Kiang, 1993). Accessions of wild soybean have been studied to assess their usefulness for 
increasing genetic diversity of soybean.  
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Guo et al. (2012) investigated the natural population structure and genetic diversity of 
712 individuals of 40 wild soybean (G. soja) populations covering the major geographical 
distribution regions in China using 20 microsatellite markers. In order to investigate the genetic 
relationship of wild soybeans in China; the data was incorporated with previous data from 
representative individual samples from the whole distribution area in East Asia (Guo et al., 
2010). A total of 317 alleles were detected across the 20 microsatellite loci in the 712 
individuals. A high level of genetic diversity with an expected heterozygosity (He) of 0.81 and an 
overall genetic differentiation (FST) of 0.56 was observed. Fixation index (FIS) per population 
varied from 0.69 to 1 with a high average of 0.93 suggesting a low outcrossing rate in wild 
soybean populations. Population structure analysis put all the 40 populations into three clusters 
corresponding to three eco-regions of wild soybean previously defined in China: the north-east 
China eco-region, the Huang-Huai Valley eco-region and the south China eco-region. Analysis 
of molecular variance revealed 56% of the molecular variances among populations and 44% 
within populations.  
Lee et al. (2010) evaluated the genetic diversity in wild soybean accessions collected 
from 24 inhabited islands off the southern coast of Korea. Forty simple sequence repeat markers 
covering the 20 soybean chromosomes were used to estimate genetic diversity among 66 wild 
accessions collected from 24 islands in South Korea. They found that accessions collected from 
the islands were similar to the Korean mainland accessions for diversity index. Molecular 
variation between island and mainland populations was about 8% (P = 0.001) and 92% within 
wild soybean populations. Genetic variation (P = 0.001) among and within the island wild 
soybean populations was 10% and 90%, respectively.  
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More recently Wang and Li (2012) evaluated the genetic diversity in Tibetan wild 
soybean and the genetic relationship between Tibetan and other regional wild soybeans using 20 
SSR markers. The wild soybean populations were sampled from various corners of China, 
including four Tibetan populations from the Gongrigabuqu-River gorge, Chayu, and seven 
populations from remote regions in the center, north, and outermost northeast, southwest and 
south of China. A total of 202 alleles at the 20 nuclear SSR loci were observed; the allele number 
(Na) for each locus varied between 7 and 15, with a mean of 10.1 and a mean effective allele 
number of 5.2. Of the 202 alleles, 86 (43%) were rare, with a frequency less than 0.05 in all the 
samples. The allelic richness varied from 5.1 to 12.4 per locus, with an average of 8.1. Genetic 
differences were observed among the 11 populations. Sixty alleles were fixed among the 11 
populations, of which higher ratios appeared in all the four Tibetan populations (range: 40–75%) 
and one central population (75%). The percentage of polymorphic loci (Ap) ranged from 5 to 
95% with a mean of 57% between populations, and the mean number of alleles (Na) per 
population ranging from 1.1 to 4 and averaging 2. Tibetan wild soybean sample was significantly 
differentiated from other regional ones, as characterized by the lowest mean allelic richness (1.4) 
and gene diversity (He = 0.13) and the highest ratios of regionally unique alleles (63%) and fixed 
alleles (47%). The Central and South China populations showed higher genetic richness. 
Wang and Takahata (2007) evaluated genetic diversity between 45 Chinese and 60 
Japanese wild soybean (G. soja) germplasm using 10 SSR markers. A total of 194 different 
alleles were detected in the total 105 accessions, with an average of 19.4 alleles for each locus. 
The number of alleles per locus in the Japanese pool varied from 8 to 21, while that in the 
Chinese one varied from 11 to 15. The average number of alleles per locus in the Japanese and 
Chinese pools was 13.6 and 13.7, respectively, and the average number of unique alleles per 
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locus to Japan and China was 5.7 and 5.6, respectively. The average number of alleles per 
polymorphic locus (Ap) was 7.7 for Japanese accessions, and 7.1 for Chinese accessions with the 
mean values of the expected heterozygosity (He) being similar between the Japanese and Chinese 
pools, 0.809 and 0.814, respectively. The mean between-geographic region gene diversity values 
(DST) for these loci in Japan ranged from 0.04 to 0.08, and the estimated average DST value was 
0.06. The DST values of the loci in China ranged from 0.06 to 0.1, and averaged 0.08. The 
proportion of total gene diversity among geographic regions, also called the coefficient of gene 
differentiation (GST) for the loci in Japan varied from 0.05 to 0.09, with a mean of 0.06 while the 
GST values for the loci in China varied from 0.07 to 0.11, showing a relatively high mean value 
of 0.09. The results showed that the Japanese and Chinese pools have great genetic 
differentiation. 
Lee et al. (2008) evaluated the genetic diversity of wild soybean accessions from South 
Korea and other countries. In this study, forty-six simple sequence repeat markers covering the 
20 soybean linkage groups were used to estimate genetic diversity among 274 wild soybean 
accessions from South Korea (210), China (34), Japan (25), and eastern Russia (5). The 
researchers observed that Glycine soja populations from South Korea, China, and Japan all had 
high genetic diversity with indexes of 0.85, 0.82, and 0.80, respectively. Mean number of alleles 
per SSR marker was 23.3, 12.8, 11.0, and 3.7 for Korean, Chinese, Japanese, and Russian G. 
soja accessions, respectively. The average genetic diversity index (H) across accessions from all 
countries for the 46 SSRs was 0.86 and ranged from 0.3 to 0.97. Cluster analyses grouped the 
274 accessions into three genetic groups with Cluster I and II consisting of 85 accessions (with 
79 of the 85 from Korea, five from Japan and only one from China) and Cluster III contained 
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192 of the 274 G. soja accessions. Nearly all of the accessions from China and Japan, all from 
Russia, and 131 of 210 from South Korea were assigned to Group III.  
Varying numbers of wild soybean accessions were evaluated in the aforementioned 
studies using mainly simple sequence repeat markers and revealed there is significant amount of 
genetic diversity existing in the wild soybean germplasm that could be accessed for genetic 
improvement of soybean. 
 
Diversity between cultivated soybean and wild soybean  
The analysis of the level of diversity between cultivated and wild relatives of crop plants 
is of importance to the breeding progress of the species. The analysis of genetic diversity in 
domesticated crops and their wild ancestors is typically used for several purposes including 
identification of distinct genetic groups for retention of germplasm (Agrama et al., 2009); 
identification of genes that underlie important phenotypic and genetic shifts during 
domestication and breeding using the approach of selective sweep mapping (Wright et al., 2005; 
Ross-Ibarra et al., 2007; Chapman et al., 2008) and to infer aspects of the history and timing of 
domestication yielding fundamental insights into the evolutionary history and the process of 
domestication which will in turn be a valuable asset for the improvement of the crop (Li et al., 
2010). Measuring genetic diversity between wild and domesticated species is also important for 
quantifying genetic relationships between the species.  
 Li and Nelson (2002) conducted a study to evaluate the genetic variation between and 
within annual Glycine species and to determine geographical patterns of variation within and 
between the annual Glycine species. Forty G. max and 40 G. soja accessions from four Chinese 
provinces, Heilongjiang, Shandong, Jiangsu, and Shanxi, were surveyed with RAPDs. The 
 19 
 
results indicated that the genetic distance (GD) within the G. soja group was larger than that 
within the G. max group, but smaller than that between the G. max and G. soja groups. Twenty-
three more polymorphic RAPD fragments were detected within the G. soja group than within the 
G. max group. Nine fragments were present only in G. soja lines. On the basis of analysis of 
molecular variance, 18% of the total variation could be accounted for by species, 15% by 
populations within species, and 67% by individuals within populations. Cluster and principal 
component analyses completely separated the G. max and G. soja groups. The groups formed by 
cluster analyses generally reflected the geographical regions of origin. Glycine max and G. soja 
lines for the same province were not more genetically related than were accessions of different 
species from different provinces, but the GDs between the G. soja lines from Heilongjiang and 
the G. max accessions from all other provinces were less than for the G. soja accessions from 
any other provinces. 
Wen et al. (2009) analyzed allelic profiles at 60 simple sequence repeat (SSR) loci and 
variation of eight morph-biological traits of a representative sample with 196 accessions from the 
natural growing areas in China. For comparison, a representative sample with 200 landraces of 
Chinese cultivated soybean was included in this study. The SSR loci produced 1,067 alleles 
(17.8 per locus) with a mean gene diversity of 0.86 in the wild sample and a total of 826 alleles 
(3.7 per locus) with a mean gene diversity of 0.73 in the cultivated soybean indicating that  the 
genetic diversity of G. soja was much higher than that of its cultivated counterpart.  
Min et al. (2010) assessed the genetic diversity of cultivars and wild soybeans from 
Shanxi, China using 40 SSR markers with the objective of comparing the genetic diversity 
among landraces, cultivated and wild soybeans. A total of 224 alleles (average of 5.6 per locus) 
were identified in the wild soybeans while those in cultivars and landraces were 182 (average of 
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4.6 per locus) and 148 (average of 3.7 per locus), respectively, which were 81 and 66% of the 
wild soybeans. The average genetic diversity index was 1.5, 1.3 and 1.1 of wild soybeans, 
landraces and, cultivars respectively. T-test results showed that there was a highly significant 
difference between cultivars and wild soybeans (t = 4.44, P < 0.01), landraces and wild soybeans 
(t = 6.04, P < 0.01) and cultivars and landraces (t = 2.58, P < 0.05). The results indicated that 
wild soybeans and landraces possessed greater allelic diversity than cultivars and might contain 
alleles not present in the cultivars which can strengthen further conservation and utilization. 
Kuroda et al. (2009) investigated the genetic diversity of wild soybean (1,305 accessions) 
collected from different regions of the world and Japanese cultivated soybeans (53 accessions) 
using 20 microsatellite (SSR) markers. A total of 566 alleles ranging from 19 to 56 in wild 
soybeans and from 2 to 13 in cultivated soybeans were detected. The index of genetic 
differentiation (FST), of wild soybean among regions (ranged from 0.03 to 0.11) and between 
cultivated and wild soybean (ranged from 0.05 to 0.33) were significant at all loci (P < 0.001). 
The FST among regions for wild soybean was observed to be lower than cultivated soybean at all 
loci. Higher levels of allelic diversity were found in wild soybean (28 alleles per locus) than 
Japanese cultivated soybean (5 alleles per locus). PCA analysis revealed that accessions from 
Russia consisted of a diverse array of alleles resulting in accessions being spread further apart 
than accessions from other regions.  
Nichols et al. (2007) characterized diversity among 60 G. soja accessions collected in 
China and compared this diversity with 18 U.S. ancestral soybean genotypes, 12 Chinese G. max 
plant introductions (PIs), and 47 elite soybean lines from the northern USA. The accessions were 
genotyped with a set of 72 simple sequence repeat markers. The G. soja accessions were found 
to contain more alleles per locus (17) than the U.S. ancestral genotypes (5.8), the Chinese PIs 
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(5.5), or the elite lines (4.5). The average genetic distance (GD) among the G. soja accessions in 
this study was 0.92, which is significantly (P < 0.0001) larger than the average GD of 0.84 
observed among the G. max lines according to a t test. Multivariate analyses were able to 
separate the G. max lines from the G. soja accessions and identify the most diverse subset of G. 
soja accessions. The study found that there is much more genetic diversity contained in the G. 
soja collection than there is in either the U.S. or Chinese soybean germplasm based on the 
average number of SSR alleles per locus in each of these groups.  
Recently, Li et al. (2010) investigated the genetic diversity in 321 cultivated soybean 
from China and 112 wild soybean accessions from China (73), Korea (8), Russia (9) and Japan 
(22) using simple sequence repeat (SSR) and single nucleotide polymorphism (SNP) markers. 
The cultivated soybean and G. soja accessions were genotyped with ninety-nine SSRs based on 
their distribution across the genetic linkage map (http://bldg6.arsusda.gov/cregan/soymap.htm) and 
554 SNP markers. A few major themes became apparent when contrasting diversity between G. 
soja and G. max. First, SSRs indicated that G. soja has significantly higher allelic richness, gene 
diversity and allele numbers than G. max (t-test, P < 0.01). For example, the number of alleles 
observed in G. soja (1807) exceeded that of G. max (1473), despite smaller sample sizes in G. 
soja (92 vs 279). Secondly, the molecular diversity between the two taxa based on SNPs showed 
that the number of distinct alleles expected in G. soja was higher than in G. max.  
Lam et al. (2010) re-sequenced 17 wild soybean accessions from China, 11 cultivated 
soybeans from China and 1 cultivated soybean each from Taiwan, Brazil and USA using the 
Illumina Genome Analyzer II platform in order to analyze patterns of soybean genetic diversity. 
All the 31 sequence reads were aligned against the reference genome Williams 82 using Short 
Oligonucleotide Analysis Package 2 (SOAP2) (Li et al., 2009). Using SOAPsnp to call SNPs, a 
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total of 6,318,109 SNPs and 186,177 present/absent variations were identified. When data were 
analyzed in Structure (Pritchard et al., 2000) subpopulations were observed in the wild 
populations (K = 5) but not in the cultivated populations. Also, whole genome SNP analysis 
revealed a lower genetic diversity in cultivated soybean compared to wild soybean (cultivated 
soybean: 1.89 × 10−3; wild soybean: 2.97 × 10−3). Additionally, the distribution of genome-wide 
diversity was significantly lower for cultivated soybeans compared to wild soybeans (P < 0.01 by 
paired t-test). The total number of SNPs was much higher in wild soybeans, and wild-specific 
alleles (35%) were more abundant than cultivated-specific alleles (5%).  
Soybean in North America has undergone several genetic bottlenecks including 
domestication in Asia to produce numerous Asian landraces, introduction of relatively few 
landraces, and then selective breeding over the past 80 years. It is presumed that these three 
human-mediated events have reduced genetic diversity (Hyten et al., 2006). Hyten et al. (2006) 
investigated the impacts of genetic bottlenecks on soybean genome diversity. They evaluated 
DNA sequence variation within and among four populations of genotypes: 25 elite North 
American soybean cultivars, 17 Asian landrace founders of those elite cultivars, 52 Asian 
landraces (with no known relationship to the founding stock), and 26 accessions of the wild 
progenitor species G. soja. A total of 438 single base changes plus 58 single or multiple base 
insertion-deletions, all collectively referred to as SNPs, were identified. Of the 496 total SNPs, 
84 were non-synonymous whereas 59 were synonymous; the other 353 SNPs occurred in 
noncoding DNA. Total nucleotide diversity as estimated by both π (pi), the expected 
heterozygosity per nucleotide site (Tajima, 1983); and θ (theta), the number of polymorphic sites 
in a genotypic sample corrected for sample size (Watterson, 1975) was highest for the G. soja 
accessions in both coding and non-coding regions. Total nucleotide diversity (π, θ) estimates 
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were (2.2, 2.4), (1.4, 1.2), (1.1, 1.0) and (1.1, 0.8) for G. soja, landraces, North American 
ancestors and elite cultivars, respectively. They showed that soybean has lost many rare 
sequence variants and has undergone numerous allele frequency changes throughout its history. 
Although soybean genetic diversity has been eroded by human selection after domestication, it is 
notable that modern cultivars have retained 72% of the sequence diversity present in the Asian 
landraces but lost 79% of rare alleles (frequency < 0.10) found in the Asian landraces. 
Simulations indicated that the diversity lost through the genetic bottlenecks of introduction and 
plant breeding was mostly due to the small number of Asian introductions and not the artificial 
selection subsequently imposed by selective breeding. The bottleneck with the most impact was 
domestication; when the low sequence diversity present in the wild species was halved, 81% of 
the rare alleles were lost, and 60% of the genes exhibited evidence of significant allele frequency 
changes. 
 
Use of Glycine soja for soybean improvement 
Introgressing exotic germplasm into cultivars to increase genetic diversity within 
domesticated crops has been used to enhance complex traits such as yield (Tanksley and 
McCouch, 1997). Soybean breeders have not yet adequately exploited the wealth of genetic 
diversity from exotic germplasm, such as Glycine soja or the 26 wild perennial species of the 
subgenus Glycine (Carter et al., 2004). G. soja may be an excellent source of genetic variability, 
but it is difficult to use as a parent in cultivar improvement because of several undesirable 
genetic traits, for example, vining, lodging susceptibility, seed shattering, and small black seeds 
(Carpenter and Fehr, 1986; Carter et al., 2004). 
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Earlier attempts to broaden the genetic base of soybeans by utilizing G. soja was 
demonstrated by Hartwig (1973) who reported highly productive and high-protein lines derived 
from soybean and G. soja hybrids. A G. soja allele with increased seed yield from PI 407305 
was identified in a BC2 population developed by the advanced backcross method (Concibido et 
al., 2003). That G. soja allele which was located on linkage group B2 (Chromosome 14) of 
soybean genetic linkage map, was associated with a 9% yield increase across testing 
environments. To test the utility of the QTL for seed yield in elite backgrounds, a BC2F4 plant 
identified from the mapping population that was homozygous for the G. soja marker class was 
crossed to five elite Asgrow soybean genetic backgrounds (AG2401, QR4459, QP4459, 
QR4544, and QP4604). Five BC1 populations were created with the Asgrow lines as the 
recurrent parents. A single BC2 population with AG4501 as the recurrent parent was also created. 
Each population was planted in a RCBD with two replications with AG4501 and AG2401 
populations grown in five environments, and the other populations grown in one environment. A 
significant (P < 0.05) positive QTL effect on yield was observed in two (AG4501 and QP4459) 
of the six backgrounds with the G. soja marker class yielding 9 and 5% higher than the G. max 
marker class, respectively. The results of Concibido et al. (2003) show that the G. soja-derived 
QTL for seed yield could be a major QTL for increased seed yield (AG4501 and QP4459 
populations) but is likely to already be present in the North American gene pool (AG2401, 
QR4459, QR5444, and QR4604 populations). Despite not showing a significant effect across all 
six genetic backgrounds, the G. soja-derived QTL for seed yield was confirmed in two different 
backgrounds which indicate that this QTL is real and that alleles from G. soja can increase the 
yield of elite soybean cultivars.  
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Wang et al. (2004) conducted a study to identify putative QTLs that underlie yield in 
interspecific backcross populations in soybean. The objective of this study was to map 
quantitative trait loci (QTL) from G. soja that could improve soybean. Five populations of 
BC2F4-derived lines were developed using the Glycine max cultivar IA2008 as a recurrent parent 
and the G. soja plant introduction (PI) 468916 as a donor parent. There were between 57 and 112 
BC2F4-derived lines in each population and a total of 468 lines for the five populations. The lines 
were evaluated with simple sequence repeat markers and in field tests for yield, maturity, plant 
height, and lodging. The field testing was done over 2 years and at two locations each year. 
Marker data were analyzed for linkage and combined with field data to identify QTL. Four yield 
QTLs were identified across environments on linkage groups (LG) C2, E, K, and M. The QTL 
on LG C2 was significant for one population, 334A, in all three environments explaining 40% of 
the phenotypic variance for yield in this population. Identified QTLs on LGs E and M on the 
other hand were identified in population 338B explaining 28% of the phenotypic variance for 
yield and the L, G, M QTL explained 29% of the phenotypic variance for yield. A significant 
QTL on LG K was identified in two populations (324B and 330A) and was significant in all test 
environments. This QTL explained 38–40% of the total phenotypic variance for yield in the two 
populations.  
Lee et al. (2004a) in an attempt to exploit the genetic potential of G. soja conducted a 
study with the objective of determining the number of backcrosses required for the development 
of small seed-size soybeans for sprouts from two interspecific backcross populations. The 
populations were generated by the crossing of one G. soja accession, KLG10084, with two G. 
max cultivars, Eunhakong and Sobaegnamulkong. As was expected, all agronomic characters 
including plant height, number of branches, number of nodes, seed weight, number of pods per 
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plant, seed yield, degree of vininess, and lodging improved from the BC1 to the BC3 populations. 
The results indicated that backcrosses to soybean greatly improve the selection of sprout soybean 
lines with a small seed-size of less than 100 mg seed-1 and desirable agronomic traits.  
Li et al. (2008) evaluated two populations of BC2F4 lines generated from a mating 
between recurrent parent G. max ‘7499’ and donor parent G. soja PI 245331 with one line in 
each population tracing back to the same BC2 plant. The objective of the study was to identify, 
locate, and validate, in an elite soybean genetic background, yield-enhancing QTL derived from 
the G. soja accession, PI 245331. PI 245331 which is a maturity group X accession from Taiwan 
was identified by Maughan et al. (1996) as being more divergent from G. max than the remaining 
G. soja group. Two populations A and B were developed for the study. Population A was used 
for QTL identification analysis and population B was used for the QTL verification test. From 
this study, 11 putative QTL significantly associated with yield and yield component traits across 
three environments were identified. One QTL for seed yield was found using the combined data. 
At this locus, the G. soja allele at Satt511 on LG A1 was associated with increased seed yield 
with an additive yield effect of 191 to 235 kg ha-1 depending on the QTL analysis method. 
Across environments in the validation population, lines that were homozygous for the G. soja 
allele at Satt511 demonstrated a 6% yield increase over lines that were homozygous for the G. 
max allele. One seed filling period QTL was identified on LG F with an additive effect of +1 
day. This QTL also provided a +1 day additive effect on maturity. They concluded that these 
results demonstrate the potential of identifying positive alleles in the exotic germplasm, Glycine 
soja. The availability of more SSR markers around the QTL region makes it a good candidate for 
marker-assisted breeding in the future. 
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The above mentioned studies have revealed that the wild soybean has more genetic 
diversity than cultivated soybean irrespective of the marker system used in assessing the level of 
genetic diversity and there are examples from Glycine and other species where yield has been 
increased with the use of wild relatives. It is worthwhile to explore the wild soybean for soybean 
improvement. The objectives of this research are to identify high yielding lines derived from 
backcrosses between 5 wild soybean (G. soja) accessions and soybean cultivars and determine 
the genetic contributions from each G. soja parent.  
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MATERIALS AND METHODS 
Population development 
The G. soja × G. max backcross lines were developed using the wild soybean parents, PI 
479767, PI 65549, PI 483461, PI 549046 and PI 507807 which belong to maturity group I, II, II, 
IV and 0 respectively and the cultivars IA2052, Williams 82, IA3023 and LN97-15076 which 
belong to maturity group II, III, III and IV respectively. The wild soybean parents, PI 65549 and 
PI 47976 originate from Heilongjiang, China; PI 483461 originates from Hebei, China; PI 
549046 originates from Shaanxi, China and PI 507807 originates from Russia (USDA, ARS, 
National Genetic Resources Program – GRIN database). PI 65549, PI 479767, PI 483461, and PI 
549046 were included in this study because they were the most distant from soybean based on 
random amplified polymorphic DNA (RAPD) markers (Li and Nelson, 2002). PI 507807 was 
included because it had been previously used to develop BC5 lines with variants in seed storage 
proteins. The first four G. soja lines were crossed to Williams 82 and the F1 plants backcrossed 
to Williams 82 to obtain BC1 lines. Intense phenotypic family selection (fewer than 5% of plants 
were selected in early inbreeding generations) was used to develop lines for the first cycle of 
yield testing after four generations of inbreeding. Ten relatively high yielding BC1 lines were 
selected. Some BC1 lines were backcrossed to Williams 82; some BC1 lines were crossed with 
each other, and some were crossed to the more current cultivars, IA2052, IA3023, and LN97-
15076. Although the cultivars other than Williams 82 would not be considered recurrent parents 
by the strictest definition, they will be called recurrent parents in the thesis since they are the 
same species as Williams 82 and the donor parents are from a different species.   
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Line development and field procedures 
Lines from PI 507807 and PI 549046 were developed by family selection beginning in 
the F2 generation by selecting the best plants in the F2 generation and then selecting the best 
plants from the best families in the proceeding generations. The lines with PI 507807 as a parent 
were selected from existing populations that had been previously used to develop BC5 lines with 
variants in seed storage proteins. The lines from PI 479767 and PI 483461 were selected by early 
generation testing through yield testing F2 lines in the F3 and F4 generation to identify the best F6 
lines. The lines derived from PI 65549 were developed from a single seed decent (SSD) 
population where each of these lines was derived from a single different F2 plant and the final 
lines were inbred to the F4, F5 or F6 generation. Preliminary yield testing of inbred lines from 
these crosses was used to select 93 high yielding lines from 16 pedigrees in maturity groups III 
and IV.  
In 2011, lines plus check cultivars were planted at Urbana, IL (May 13), Bellflower, IL 
(May 20), Villa grove, IL (May 17), Wooster, OH (May 11), Portageville, MO (May 20) and 
Lincoln, NE (May 17). In 2012, the lines plus checks were planted in Urbana, IL (May 10), 
Bellflower, IL (May 12), Ivesdale, IL (May 17), Wooster, OH (May 3), Portageville, MO (May 
3) and Lincoln, NE (May 18). Field plots at the Illinois locations for 2011 and 2012 were four 
rows wide with 0.76 m spacing and 3.1 m long while field plots at the Nebraska location for both 
years were two rows wide with 0.76 m spacing and 2.9 m long. Plots at the Missouri location 
were four rows wide with 0.76 m spacing and 3.7 m long while plots at the Ohio location 
consisted of eight rows with the middle six rows spaced 0.2 m apart and 6.4 m long and end 
trimmed at 4.9 m at maturity. The two border rows were 0.76 m from the outside harvest rows. 
Seeds at the Ohio location were sown at a rate of 10 seeds m-1 of row for the middle six rows and 
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20 seeds m-1 for the two border rows. Seeds were sown at a rate of 30 seeds m-1 at the Illinois and 
Nebraska locations and at a rate of 40 seeds m-1 at the Missouri location. Plots at Portageville, 
MO were irrigated with flood type irrigation on an as needed basis for 2011 and 2012. Plots at 
Lincoln, NE were ditch irrigated every other week starting June 20 for 2011 and 2012. It took 
about 4 days to get the field completely irrigated. Conventional tillage practices were followed at 
all other locations. At all locations and for both years, the lines were planted in a split-split plot 
design with two replications with maturity group serving as whole plots and pedigree randomly 
assigned to subplots. The lines within each pedigree were randomly assigned to sub-sub plots. 
The agronomic data collected include flowering date (R1) which was recorded when 
approximately 50% of the plants had at least one flower (Fehr et al., 1971), plant maturity date 
(R8) recorded when approximately 95% of the pods had reached mature pod color (Fehr et al., 
1971), plant lodging scored at maturity based on a 1 to 5 scale (1 = all plants are erect, 5 = all 
plants are prostrate), plant height (cm) measured from the soil surface to the top node of the main 
stem and seed yield (kg ha-1) recorded at 13% moisture. Flowering date was recorded at Urbana, 
IL in 2011 and Urbana, IL, Bellflower, IL and Lincoln, NE in 2012. Plant height was collected 
from Urbana, IL, Bellflower, IL, Villa Grove, IL, Portageville, MO and Wooster, OH in 2011 
and Urbana, IL, Bellflower, IL and Portageville, MO in 2012. Date of maturity, lodging scores 
and yield were collected from all locations in 2011 and 2012. Plots were planted but no data was 
used from Ivesdale, IL and Wooster, OH in 2012 because of non-uniform drought-induced 
variation among plots. 
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DNA extraction and analysis 
Ten plants from all entries were grown in the greenhouse. Leaf samples were taken from 
each plant, bulked within lines and freeze-dried prior to DNA extraction using a modified CTAB 
procedure (Keim et al., 1988). These entries were genotyped with 1536 SNP markers using  the 
Universal Soy Linkage Panel 1.0 using the Illumina GoldenGate assay (Illumina, Inc., San 
Diego, CA). The SNPs in this custom Illumina GoldenGate assay were identified using 96 
diverse soybean accessions from China, Korea, and Japan obtained from the USDA Soybean 
Germplasm Collection and 96 U.S. public cultivars released between 1990 and 2000 (Hyten et 
al., 2010). Because no wild soybean accessions were used to identify these SNP markers, there 
may be an ascertainment bias resulting in an underestimation of SNP markers originating from 
wild soybean in these G. soja-derived lines. The automatic allele calling for each locus was 
accomplished with the GenomeStudio software (v 1.0) (Illumina, Inc., San Diego, CA). The 
allele calling was then verified manually, and only SNPs that were polymorphic between the 
parents were used for further analysis.  
The frequency of wild soybean alleles was determined at each SNP locus as an average 
over the lines within each soybean × wild soybean cross. The allelic contribution of each G. soja 
parent to each breeding line was calculated using the equation: (A+1/2H) / (A+H+B), where A is 
the number of loci homozygous for parent A (wild soybean), H is the number of heterozygous 
loci, and B is the number of loci homozygous for parent B (soybean). Microsoft Excel (2010) 
was then used to further analyze the allele frequencies to graphically display the regions of 
introgression. The use of SNP markers in this study stems from the fact that they are the most 
common form of genetic variation within genomes and a wide array of technologies have been 
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developed for high-throughput SNP analysis (Lee et al., 2004b). Also, they are relatively 
inexpensive. 
 
Field data analysis 
The data for flowering date, maturity date, plant height, lodging, and seed yield were 
subjected to analysis of variance (ANOVA) using the Proc Mixed function in SAS (Statistical 
Analysis System version 9.3, SAS Institute, Cary NC). Mean separation was conducted using 
Fischer’s protected Least Significant Difference (LSD) test in the Proc GLM function in SAS. 
Normality of residuals was checked using the Proc Univariate function in SAS. The lodging data 
were log transformed as the data were not normally distributed, before subjecting to ANOVA 
and back transformed on the original scale for reporting. Years by locations were defined as 
environments in the analysis of variance. The ANOVA was pooled among environments after 
homogeneity of variance has been checked and met with the Brown-Forsythe test in SAS. 
Environments and replications within environments were considered as random effects while 
maturity group, pedigree within maturity group and genotypes within maturity group and 
pedigree were considered as fixed effects.  
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RESULTS AND DISCUSSION 
Single nucleotide polymorphisms 
Four recurrent parent backgrounds including Williams 82, Williams 82 & IA2052, 
Williams 82 & IA3023 and Williams 82 & LN97-15706 were assessed in the current study. The 
total number of lines in each cross is presented in Table 1. The number of lines from each cross 
was less than twenty except for (Williams 82 & IA2052) × PI 479767. Out of the total 1536 SNP 
markers in the Universal Soy Linkage Panel 1.0 using the Illumina GoldenGate assay an average 
of 427, 243, 294, and 291 polymorphic SNPs were identified between the Williams 82, Williams 
82 & IA2052, Williams 82 & IA3023 and Williams 82 & LN97-15706 recurrent parent 
backgrounds, respectively, and the G. soja donor parents. This averaged 314 polymorphic SNPs 
across all populations and accounts for 20% of the total 1536 markers used. The number of 
polymorphic SNPs identified for Williams 82 & IA2052, Williams 82 & IA3023 and Williams 
82 & LN97-15706 recurrent parent backgrounds were lower than for those with only Williams 
82 as a recurrent parent. SNPs that were polymorphic between the G. soja parent and one of the 
recurrent parents ended up being monomorphic for the second G. max parent leading to 
discarding of such SNPs.  
In the set of non-polymorphic SNPs that were not used for further genetic analysis, we 
identified a low percentage of SNPs in the derived lines that were not detected in either parent. 
Averaged across loci of lines with the same pedigree, these unexpected SNPs ranged from 0.2% 
to 9% of the loci (Table 2). The genetic background with the highest percentage (9) of 
unexpected SNPs was Williams 82 × PI 65549 while that with the least (0.2) were (Williams 82 
× PI 483461) and (Williams 82 & LN15706) × PI 549046 (Table 2). Although the G. soja 
accessions used in this study are pure lines derived from a single seed in the original seed lot, it 
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is very likely that there is heterogeneity at some loci. If different alleles existed in the plants that 
were used as parents compared to the plants used for genotyping, these discrepancies could 
occur. This is the most likely explanation since all of these “error” rates are much lower than 
would be expected if the putative parent were not the actual parent. 
 
Hilum color discrepancies 
Some lines derived from IA3023 did not have the expected hilum colors. Hilum color is 
an epistatic multi-genic trait, and variation in hilum pigmentation is due to the interaction of four 
independent loci: I, T, R, and W1 (Williams, 1952; Palmer et al., 2004). The T locus affects 
pubescence color where a dominant allele gives rise to tawny pubescence and a recessive allele 
gives rise to gray pubescence. The dominant allele at the T and R loci would produce a black 
hilum color whereas the recessive allele at the T locus and the dominant allele at the R loci would 
produce an imperfect black hilum color. The G. soja accessions used in the study have tawny 
pubescence, black hilum color and purple flowers. Williams 82 which was the BC1 recurrent 
parent for all lines has tawny pubescence, black hilum color and white flowers. IA3023 has light 
tawny pubescence, which is caused by the dominant allele at the T locus and a recessive allele at 
the Td locus, and black hilum color. The Td locus has no noticeable effect on pubescence color 
in the presence of the recessive allele at T locus. In the cross (Williams 82 × IA3023) × PI 
479767, we identified four lines (LG07-2316, LG07-2288, LG08-3287 and LG07-2322) which 
had an unexpected imperfect black hilum color as well as what appears to be gray pubescence.  
In some genetic backgrounds, the genotype TT tdtd produces a gray pubescence color that is 
indistinguishable from the tt genotype. In these cases, the hilum color is used to determine the 
allele at the T locus and if the hilum color is what would be expected from the dominant allele at 
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the T locus the pubescence color is noted as near gray. Imperfect black hilum was not expected 
from this cross since based on known genetics, all three parental lines have the dominant allele at 
the T locus, which should preclude the occurrence of an imperfect black hilum color. Based on 
the very low numbers of unexpected SNPs in the crosses that produced the unexpected hilum 
colors (Table 2), we are reasonably confident that the pedigrees of these lines are correct. Since 
we saw the imperfect black hilum color only in crosses with the recessive allele at Td locus, there 
may be some interaction between this allele and another, currently unknown, loci in G. soja. 
Future genetic studies are needed to understand the cause of the unexpected hilum color.  
 
Performance of derived lines 
Since the analysis of variance for each year was similar to the combined analysis, only 
the combined analysis of variance is presented (Table 3). There were significant maturity group 
effects on days to flowering (P < 0.01), maturity (P < 0.0001) and height (P < 0.0001) but not on 
lodging and yield. Generally, the entries were slightly earlier than the checks in MG III but 
nearly the same in MG IV. Days to flowering for the entries and checks were similar for both 
MGs. Plant heights for the entries and checks in MG III were very similar but the entries were 
more than 10 cm taller than the checks in MG IV. The data were similar between years for most 
traits but the MG IV lines yielded slightly more in 2012 and lodging was slightly less for both 
MGs in 2012 (Table 4). The mean yields for maturity group III and IV lines are 3405 kg ha-1 and 
3569 kg ha-1 respectively. Generally, MG IV lines flowered slightly later than MG III lines. The 
mean days to flowering for MG III and MG IV lines are 29 and 32 respectively while the mean 
maturity dates are 118 and 126, respectively (Table 4). Taller plants may lodge more than shorter 
plants; however, though MG IV lines were on average taller than the MG III lines, lodging was 
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similar for both MGs (Table 4). Also later maturity may lead to higher yields. This was not 
observed in the current study with each maturity group consisting of fairly equal number of 
derived lines using cultivars Williams 82, IA3023, IA2052 and LN97-15076 as recurrent parents.  
There were significant pedigree within maturity group and genotype within pedigree and 
maturity group effects for all traits measured (Table 3). Later flowering tends to be associated 
with later maturity in most pedigrees (Table 5). Within the pedigree “F5 Williams 82(2) × 
507807” however, a later flowering line LG07-4722 matured the earliest. Though there was a 7 
day flowering date difference between LG07-4722 and an earlier flowering line LG07-4735, 
LG07-4722 matured only 1 day earlier than LG07-4735. Both lines matured 3 to 4 days earlier 
than their recurrent parent Williams 82 (Table 5). Although early flowering and longer 
reproductive periods can be associated with higher yields (Smith and Nelson, 1986), LG07-4722 
flowered 7 days later and matured 1 day earlier than LG07-4735 but yielded significantly more 
(3305 kg ha-1 compared to 2966 kg ha-1). LG07-4722 was also 7 cm taller than LG07-4735, but 
lodging was similar between both lines (Table 5). LG07-4722 was also 3 days later flowering 
and 6 days earlier maturing than LG07-4727, but there was no yield difference between the two 
lines. LG07-4722 seems to be an efficient line for accumulating seed dry weight based on total 
reproductive period (R1 to R8) (Table 5). Within the “F4 IA3023 × LG01-7728” pedigree, a 
similar pattern was found when comparing LG07-2312 and LG07-2290. LG07-2312 flowered 3 
days later and matured 3 days earlier than LG07-2290 but yielded significantly more (3805 kg 
ha-1 compared to 3547 kg ha-1). LG07-2290 was 17 cm taller and lodged more than LG07-2312 
(Table 5). Within the pedigree “F6 IA3023 × LG01-7884” LG08-3462 was two days earlier 
flowering and ten days later maturing than LG08-3439, however, both lines yielded nearly the 
same. The later maturing LG08-3462 was 9 cm taller than the earlier maturing line LG08-3439 
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(Table 5). Within the pedigree “F5 IA3023 × LG01-7747”, LG08-7838 flowered two days earlier 
than LG08-7799 but matured 14 days later. LG08-7838 had the longest reproductive period of 
101 days but does not have the highest yield. It yielded 3464 kg ha-1 compared to LG08-7799 
which had a much shorter reproduction period of 86 days but yielded 3514 kg ha-1 (Table 5).  
Within some pedigrees, large differences among lines for flowering date could be 
observed without a corresponding large difference in maturity (Table 5). Among the three lines 
within the “F4 Williams 82 × LG01-7681” pedigree, LG07-2721 flowered 10 days later than 
LG07-2759 and matured one day earlier but there was no significant difference in yield (Table 
5). Within some pedigrees there were lines that flowered on the same day but had large 
differences in maturity and yield (Table 5). LG08-3070 within the “F6 IA2052 × LG01-7697” 
pedigree flowered on the same day as LG08-3115 and matured 10 days earlier but the yield 
difference between the two lines was not significant (3565 kg ha-1 for LG08-3070 compared to 
3766 kg ha-1 for LG08-3115). Within some pedigrees, lines that flowered and matured on the 
same day but with significant differences in yield were identified. LG08-1692 and LG08-1693 
within the “F6 IA2052 × LG01-7812” pedigree flowered and matured on the same day but the 
yield difference between the two lines was significant (3144 kg ha-1 for LG08-1692 compared to 
3543 kg ha-1 for LG08-1693). A similar pattern was found when comparing LG08-3030 and 
LG08-3062 within the “F6 IA2052 × LG01-7697” pedigree. Both lines flowered and matured on 
the same day but yield difference was significant (3814 kg ha-1 for LG08-3030 compared to 3479 
kg ha-1 for LG08-3062) (Table 5). 
There were significant (P < 0.0001) differences for seed yield, flowering date, maturity, 
plant height, and lodging among the derived lines across environments as well as significant 
genotype by environment interaction (P < 0.0001) for seed yield, days to maturity, plant height, 
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and lodging (Table 3). This is not surprising since the tests were conducted in four states and in 
variety of environmental conditions including irrigated locations (Portageville, Mo and Lincoln, 
NE ) and sites that had significant drought stress in 2012 (Urbana, IL and Bellflower, IL). The 
highest mean yield was recorded at Lincoln, NE for both MG III (4242 kg ha-1) and MG IV 
(4393 kg ha-1) lines. The lowest yields were at Urbana, IL for both MG III (2925 kg ha-1) and 
MG IV (2888 kg ha-1) lines. The Lincoln plots were irrigated in both years and the Urbana plots 
suffered significant drought stress in both years.   
There were significant differences among lines derived from each donor parent for all 
traits measured. Among all the lines derived from the donor parent PI 65549, the highest yielding 
line was LG08-7823 with recurrent parents Williams 82 and IA3023. It contained 22% G. soja 
SNP alleles and yielded 3716 kg ha-1, which was significantly higher than Williams 82 but 
significantly lower than IA3023 (Table 5). The lowest yielding line with the same pedigree was 
LG08-3306. It was nearly 400 kg ha-1 lower yielding but matured 15 days earlier. It had the 
smallest number of G. soja SNP alleles at only 7%. LG08-7797 had a similar maturity date as 
LG08-7823 and similar percentage of G. soja SNP alleles but was significantly lower yielding. 
The lines derived from PI 65549 with only Williams 82 as a recurrent parent were the lowest 
yielding lines from PI 65549, which would be expected since Williams 82 is a much older 
variety than the others used as recurrent parents. The lowest yielding line from that pedigree was 
LG07-2155 which contained 32% G. soja SNP alleles and yielded only 2671 kg ha-1. LG07-2165 
(F4 Williams 82 × LG01-7747 (PI 65549)) was similar to LG07-2155 in all traits measured 
including G. soja alleles but its yield was not significantly different from Williams 82 (Table 5).   
There were 37 lines derived from PI 479767. The two highest yielding lines had IA3023 
(LG07-2312) and IA2052 (LG08-3060) as the second recurrent parents and both had yields in 
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excess of 3800 kg ha-1 and 6 and 8% G. soja SNP alleles, respectively (Table 5). The yields of 
these lines were not significantly different from IA3023. There were lines with the same 
pedigree, similar maturity, and similar percentages of G. soja SNP alleles (LG07-2316 and 
LG08-3091) that were significantly lower yielding. Conversely, LG07-2322 (from IA3023) and 
LG08-3115 (from IA2052) had 21 and 23% G. soja SNP alleles and were similar maturity and 
yielded the same as LG07-2312 and LG08-3060. The percentage of G. soja SNP alleles was not 
a good predictor of seed yield.  
The lines derived from PI 483461 had IA2052, LN97-15076 and Williams 82 as the 
second recurrent parent. The highest yielding lines from the two former parents were 
significantly higher yielding than the highest yielding line with Williams 82 as the second 
recurrent parent but there was a significant yield range within each pedigree (Table 5). IA2052 
was only included in the 2012 tests so comparisons with this parent could not be made. LG08-
3975 was equivalent in yield to its higher yielding recurrent parent LN97-15076 (3753 vs 3734 
kg ha-1) but had 18% of the SNP alleles from the G. soja parent. No line had more than 20% G. 
soja SNP alleles and again that percentage showed no relationship to yield.  
There were only five lines derived from PI 507807. Four of the lines were BC1 and one 
was BC3 and all had only Williams 82 as the recurrent parent. There was significant yield and G. 
soja SNP allele differences among the BC1 lines. LG07-4722 yielded 3305 kg ha-1, which was 
not significantly different from Williams 82, with 24% G. soja SNP alleles whereas LG07-4733 
yielded 2791 kg ha-1 with 14% G. soja SNP alleles. There was only 1 day difference in date of 
maturity.  
The experimental line LG08-3465, with the highest yield was derived from PI 549046 
with Williams 82 and IA3023 as the recurrent parents. At 3922 kg ha-1, it was only significantly 
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lower yielding than IA4005 (4238 kg ha-1) but higher yielding than Williams 82 (3412 kg ha-1) 
and had 24% G. soja SNP alleles. Within the same pedigree the lowest yielding lines had a much 
lower percentage of G. soja SNP alleles. LG08-3461 and LG08-3433 yielded 3475 and 3467 kg 
ha-1, respectively but LG08-3461 matured 8 days later. LG08-3461 had 6% G. soja SNP alleles 
whereas LG08-3433 had only 2% G. soja SNP alleles. LG07-2025 (F4 Williams 82 × LG01-
7909) derived from PI 549046 had only 1% G. soja SNP alleles. It had a yield identical to 
Williams 82 but matured 6 days earlier (Table 5).  
The four BC1 lines derived using the two donor parents PI 479767 and PI 549046 and 
Williams 82 as the recurrent parent have very similar yields. LG07-4278 had a total of 11% G. 
soja SNP alleles whereas the other three lines ranged from 56 to 58% G. soja SNP alleles. All of 
these lines had yields that were not significantly different from Williams 82 but were 5 to 7 days 
earlier in maturity (Table 5).  
None of the derived lines yielded more (P < 0.05) than the recurrent parent or any of the 
check cultivars tested (Table 5). However, LG08-4152 and LG07-4231 yielded 148.1 kg ha-1 and 
77.3 kg ha-1, respectively, higher than the recurrent parent, Williams 82 (Table 5). LG08-5097 
yielded 68 kg ha-1 higher than its recurrent parent LN97-15076. All of these lines had fewer than 
10% of the G. soja SNP alleles. Although the yield differences are not statistically significant at 
the 0.05 alpha level, the recovery of soybean-like plants that have yields not significantly 
different from the recurrent parents is notable given the negative G. soja traits that are usually 
associated with progenies obtained from G. max × G. soja crosses.   
The genotypic data demonstrate genetic differences among the recurrent parents, donor parents 
and the derived lines with the percentage G. soja SNP introgression ranging from 9% (LG07-
4735) to 58% (LG07-4295) among the BC1 lines and 1% (LG07-2025) to 32% (LG07-2155) 
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among the BC2 lines (Table 5). Within each backcross generation, lines containing more or less 
than expected percentages of G. soja SNPs were identified. Using the chi square statistic to test 
the deviations of percentages of G. soja introgressions from expected percentages without 
selection, significant differences that were either more or less than expected were found among 
the derived BC1 lines (N = 8, χ2 = 17.7, P < 0.0001) and BC2 lines (N = 84, χ2 = 15.7, P < 
0.0001) from the expected theoretical percentages without selection of 25% and 12.5%, 
respectively. Forty out of the eighty-four BC2 lines contained more than and forty-four contained 
less than expected percentages of G. soja alleles while three out of the eight BC1 lines contained 
more than and five contained less than expected percentages of G. soja alleles (Table 5). The 
expected values are based on theoretical percentages without selection. Since intense selection 
was practiced during each cycle of inbreeding, the very high percentage of lines that exceeded 
expected percentages is difficult to explain. Based on their data, Ertl and Fehr (1985) found no 
BC1 (theoretically containing 25% G. soja germplasm) line that maintained its agronomic 
characteristics as well as its recurrent parent. However, with two backcrosses in the present study 
where theoretically lines should contain 12.5% G. soja, we found that LG07-2721 contained as 
much as 29% G. soja based on SNP data and yielded not significantly different from its recurrent 
parent, Williams 82 (Table 5). Also a BC1 line, LG07-4283 contained 56% G. soja SNP alleles 
(29% of the alleles from PI 479767 and 27% of the alleles from PI 549047) and its yield was not 
significantly different from its recurrent parent Williams 82. Because the Universal Soy Linkage 
Panel 1.0 used to genotype these lines was developed using only soybean accessions, any 
ascertainment bias would result in an underestimation of SNP markers introgressed from the 
wild soybean parents. The higher than expected percentage of SNP markers from wild soybean 
measured in these experimental lines may be lower than what actually exists.  
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The means of agronomic data for all derived lines and percent G. soja alleles derived 
from each donor parent are presented in Table 6. Comparisons among the BC2 populations must 
be made very carefully because of the large differences in number of lines tested and the 
differences in the recurrent parents. The average yield of the BC1 lines derived from the donor 
parent PI 507807 is 3096 kg ha-1 while that of the BC1 lines derived from the two donor parents 
PI 479767 and PI 549049 is 3321 kg ha-1. In both cases the only soybean contribution comes 
from Williams 82. Lines derived from PI 479767 averaged 14% G. soja alleles and yielded the 
highest, 3567 kg ha-1 (Table 6). There were more than twice as many lines derived from PI 
479767 than any other G. soja parent and include IA2052 and IA3023 as well as Williams 82 as 
recurrent parents. The BC1 lines derived from PI 507807 and the BC1 lines derived from both PI 
479767 and PI 549049 had an average percentage G. soja introgression that deviates 
significantly from the random expected theoretical amount of 12.5% and 25% for BC1 and BC2, 
respectively (Table 6). Also, percentage introgression in the only BC3 line in the study was 8, 
which is not significantly (χ2 = 0.52, P = 0.47) different from the expected theoretical amount of 
6.25% (Table 6). The average allelic contribution of each G. soja parent into the derived lines is 
summarized in Table 7. The highest (17%) amount of introgression occurred in the Williams 82 
& IA3023 recurrent parent background. This was followed by Williams 82 (14%), Williams 82 
& IA2052 (11%) and Williams 82 & LN97-15076 (11%) recurrent parent backgrounds 
respectively. Despite intense selection to recover improved agronomic types, 13% of SNP alleles 
in the derived lines came from the G. soja parents (Table 7), which is not different from what is 
expected from random lines with the same number of backcrosses. Despite the wide ranges of G. 
soja SNPs in the derived lines, no major phenotypic effects could be associated with these 
differences. This may indicate that there may be only a few alleles underlying the phenotypic 
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differences between G. max and G. soja such that phenotypic differences are not observed when 
these alleles are removed from the population. Also it could mean that the introgressed SNPs 
may be linked to genes that do not elicit major phenotypic effects or are neutral in their effects.  
Finally it is possible that some of these SNPs are linked to genes with positive effects and were 
actively selected. It is challenging to reconcile any of these conclusions with the difficulty of 
producing soybean-like lines from crosses between G. max and G. soja. 
  
G. soja SNP allele introgression 
The data in Tables 8 and 9 show the specific chromosomal locations of consistent 
introgression or lack of introgression which is indication that variation in G. soja introgression 
presented in Table 5 may not be totally random. For some crosses there was no G. soja SNP 
allele introgression into some chromosomes (Table 8). All three lines (LG08-4195, LG08-4189 
and LG08-4186) derived from the cross F6 Williams 82 × LG01-7770 (PI 483461) had no G. 
soja SNP introgressed into a total of seven chromosomes (Table 5 and Table 8). These three 
lines and Williams 82 flowered within 2 days and matured within 3 days of each other and were 
similar for height and lodging. LG08-4195 yielded the highest (3421 kg ha-1), which was 
significantly more than LG08-4186 (3133 kg ha-1), but not different from LG08-4189 (3347 kg 
ha-1) (Table 5). LG01-7770 was also crossed with LN97-15076 and five lines tested with that 
pedigree did not show this pattern of exclusion. In the cross F6 IA2052 × LG01-7747 (PI 
655549), two lines (LG08-4855 and LG08-4831) had no G. soja SNP introgressed into eight 
chromosomes (Table 5 and Table 8). LG08-4855 was the tallest line evaluated in the study with 
a height of 120 cm, with a lodging score of 2.3 and a yield of 3603 kg ha-1 (Table 5). LG08-4831 
from the same cross was somewhat similar in lodging (2.6) and yield (3547 kg ha-1) but was only 
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109 cm tall. All five lines (LG08-3975, LG08-3997, LG08-3989, LG08-3940 and LG08-3981) 
derived from the cross F6 LN97-15076 × LG01-7770 (PI 483461) had no G. soja SNP 
introgression into chromosome 5 (Table 5 and Table 8). There was significant variation among 
these lines for all traits measured except lodging and the G. soja SNP alleles ranged from 3 to 
18% (Table 5). The 3 lines derived from F6 Williams 82 × LG01-7770 (PI 483461) also had no 
introgression on chromosome 5 (Table 8). LG08-5097, the only line from F6 LN97-15076 × 
LG01-7884 (PI 549046), had no SNP introgression into twelve chromosomes (Table 5 and Table 
8). This line matured 3 days later than either of its recurrent parents. It yielded significantly more 
than Williams 82 (3803 kg ha-1 compared to 3412 kg ha-1) and equivalent to LN 97-15076 (3734 
kg ha-1). It was taller (116 cm) than either recurrent parent (Table 5).  
In most cases where there was no introgression into entire chromosomes, all of the lines 
from that cross had the same no introgression pattern. Two of the crosses involved LG01-7770. 
The very low number of lines without any introgression into entire chromosomes and the 
consistency of that lack of introgression in a few specific crosses, indicates that this is most 
likely to be the result of rare but random genetic bottlenecks in the development of those lines 
rather than result of intentional selection against entire chromosomes.  
Location in cM of SNPs introgressed into all derived lines from two different G. soja 
parents is presented in Table 9. The consistent introgression of SNPs into multiple lines indicates 
that these may not be random events. Six SNPs on chromosomes 1, 3, 7, 14 and 20 were 
introgressed into all three lines derived from Williams 82 × LG01-7770 (PI 483461) (Table 5 
and Table 9). The lines also had no SNPs introgressed into chromosomes 4, 5, 10, 11, 12, 13 and 
16 (Table 8), which may indicate a founder effect and not intentional selection. Single SNPs 
BARC-018211-03157 located at 97 cM on chromosome 1, BARC-055637-13558 located at 27 
 45 
 
cM on chromosome 3, BARC-012865-00400 located at 72 cM on chromosome 7 and BARC-
041445-07985 located at 57 cM on chromosome 20 were consistently introgressed. Two closely 
spaced SNPs BARC-061279-17151 and BARC-901431-00997 that are a Centimorgan apart at 
63 cM and 64 cM respectively on chromosome 14 were also introgressed (Table 9). Two SNPs 
(BARC-025179-06455 and BARC-052799-11625) at 135 cM and 31 cM on chromosomes 6 and 
12 respectively were introgressed into the two lines derived from F6 IA2052 × LG01-7747 (PI 
65549) (Table 5 and Table 9). On chromosome 1 two SNPs (BARC-058851-15477 and BARC-
062007-17609) located at 40 cM and 41 cM respectively were introgressed into four of the five 
derived lines from Williams 82 × PI 65549. Though these two SNPs are only a Centimorgan 
apart, another SNP located in between them was consistently maintained as a G. max allele 
(Figure 2) indicating the occurrence of a double crossover in this short interval. The consistent 
introgression of SNPs into the two lines derived from F6 IA2052 × LG01-7747 (PI 65549) could 
indicate the result of intentional selection. There was no consistency in SNPs that were 
introgressed into all the derived lines from different donor parents (Table 9). The lack of 
consistency of SNPs introgressed into all derived lines across the donor parents could indicate 
the uniqueness of the G. soja accessions in the current study or could be an indication that these 
chromosomal regions are not being intentionally selected.  
If SNPs that were introgressed from a donor parent into all derived lines from a single 
cross are linked to important traits and are the products of intentional selection, those SNPs 
should also occur at high frequencies in lines derived from other donor parents. Table 10 
presents the frequency of lines that had SNPs that were introgressed into all derived lines from 
one G. soja parent in crosses with the other G. soja parents. In general there is little consistency 
across donor parents. SNP BARC-055637-13558 located on chromosome 3 and at 27 cM was 
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introgressed into 100% of the derived lines from PI 483461, 80% of the lines from PI 479767, 
60% of the lines from PI 65549 but only 40% of the lines from PI 507807. It was not 
polymorphic between Williams 82 and PI 549046 (Table 10). BARC-012865-00400 located on 
chromosome 7 at 72 cM, though not polymorphic in the crosses involving donor parents PI 
549046 and PI 479767 was introgressed into all of the three lines derived from PI 483461, 80% 
of the five lines derived from PI 65549, and 80% of the five lines derived from PI 507807 (Table 
1 and Table 10). The lack of consistency in the introgression of these SNPs across donor parents 
indicates that either they are not linked to important agronomic traits or there are substantial 
genetic differences among the donor parents at those loci.  
G. soja SNPs that were introgressed into at least 50% of the derived lines for each donor 
parent in each cross evaluated is presented in Tables 11 to 21. In each cross, not every 
chromosome had a SNP introgressed into at least 50% of derived lines. The cross with the 
highest number of SNPs (51) introgressed into at least half of the derived lines was F4 Williams 
82 × LG01-7747 (PI 65549) (Table 11) and the cross with the least number of SNPs (6) 
introgressed into at least half of the derived lines was F4 Williams 82 × LG01-7747 (PI 479767) 
(Table 14). To compare the performance of lines with and without some of these alleles, we 
focus our discussion on four crosses F6 IA2052 × LG01-7697 (PI 479767), F6 IA3023 × LG01-
7884 (PI 549046), IA3023 × LG01-7728 (PI 479767) and IA3023 × LG01-7747 (PI 64549) that 
have relatively high number of derived lines and SNPs that are introgressed as haplotype blocks 
into approximately half of the derived lines. Twenty-one, ten, nine and seven lines were derived 
from these crosses respectively (Table 1). In the cross IA3023 × LG01-7747 (PI 64549), two 
SNPs BARC-055731-13669 and BARC-052799-11625 located at 31 cM and 31 cM on 
chromosome 12 were introgressed into four of the seven lines (Table 12). The yields of the four 
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lines, LG08-7823 (3716 kg ha-1), LG08-4925 (3585 kg ha-1), LG08-7799 (3514 kg ha-1) and 
LG08-7838 (3464 kg ha-1) were higher than the yields of LG08-7797 (3436 kg ha-1), LG08-3360 
(3429 kg ha-1) and LG08-3306 (3322 kg ha-1) (Table 5) which did not have any of the SNPs 
introgressed into them. These data indicate that it is possible these SNPs are positively associated 
with increased yield. In the cross F6 IA2052 × LG01-7697 (PI 479767), three SNPs BARC-
041671-08065, BARC-030899-06963 and BARC-010501-00676 located at 53 cM, 56 cM and 
56 cM on chromosome 13, were introgressed into twelve of the twenty-one lines (Table 15). All 
the three SNPs were introgressed into LG08-3060 which was the highest yielding in that cross. It 
yielded 3866 kg ha-1 compared to the least yielding line LG08-3079 which did not have any of 
the three SNPs introgressed into it and yielded 3377 kg ha-1 (Table 5). LG08-3079 and LG08-
3060 flowered on June 27 and 29, respectively but LG08-3079 matured on Sept. 23 and LG08-
3060 on Oct. 3 (Table 5). All three SNPs were also introgressed into a relatively low yielding 
line LG08-3062. It flowered on June 28, matured on Sept. 27 and yielded 3479 kg ha-1 (Table 5). 
It seems unlikely that these three SNPs are associated with yield genes since they occurred in 
relatively low yielding lines. In the cross IA3023 × LG01-7728 (PI 479767), two SNPs BARC-
014745-01638 and BARC-050447-09631 located at 41 cM and 42 cM on chromosome 16 were 
introgressed into five of the nine lines (Table 16). Both SNPs occurred in LG08-3287 which 
flowered on June 30 and matured the earliest (Sept. 28) compared to LG07-2290 which did not 
have any of the two SNPs and flowered (July 3) late and matured the latest (Oct. 6). Both lines 
were similar for yield (Table 5). It is possible these SNPs are associated with early maturity. In 
the cross F6 IA3023 × LG01-7884 (PI 549046), two SNPs BARC-042781-08406 and BARC-
025179-06455 located at 132 cM and 135 cM respectively on chromosome 6 were introgressed 
into five of the ten lines. BARC-054787-12166 located at 75 cM on chromosome 15 was 
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introgressed into five out of the ten lines, while BARC-053201-11762 and BARC-059221-15678 
located 76 cM and 77 cM respectively on chromosome 15 were introgressed into 6 out of the ten 
lines (Table 21). LG08-3389 with the highest yield (3922 kg ha-1) had all five SNPs while the 
lowest yielding line, LG08-3468, which yielded 3427 kg ha-1 (Table 5) did not have any of the 
five SNPs. LG08-3389 and LG08-3468 flowered on July 2 and June 30 and matured on Oct. 4 
and 1, respectively. Both lines lodged the same (1.9) even though LG08-3389 was slightly 
shorter (98 cm) than LG08-3468 which was 103 cm tall (Table 5). These data also indicate that 
these SNPs may be positively associated with increased yield.  
The introgression patterns of SNP alleles from the wild soybean into the derived lines are 
illustrated by Figure 3 through Figure 15. Most of the wild soybean SNP introgressions were in 
the homozygous form which was expected as all these lines had been inbred to the F4 to F6 
generations and all were backcrossed derived lines. The SNPs from G. soja in the homozygous 
form are presented in yellow while the heterozygous forms are presented in light red. A number 
of SNPs were not introgressed into any of the derived lines in each of the soybean × wild 
soybean cross and the locations of these SNPs are presented in blue. Within some experimental 
lines we found chromosomal regions between one and 10 centimorgans in length that are flanked 
by markers from the G. soja parent with an allele from G. max introgressed between them. This 
indicates the occurrence of double crossover in very short intervals, which would be expected 
rare occurrences. In lines with the same donor and recurrent parents, many of the double 
crossovers involved the same BC1 parent. From the cross Williams 82 × LG01-7747 (PI 65549), 
BARC-060833-16926 at 37 cM on chromosome 1 was introgressed into two of the five derived 
lines and BARC-058851-15477 at 40 cM introgressed into four of the derived lines while 
BARC-059281-15709 located between them also at 40 cM was consistently maintained as a G. 
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max allele (Figure 3). Within the same cross on chromosome 15, BARC-018901-03270 located 
at 47 cM was introgressed into three of the derived lines and BARC-025663-04988 at 47 cM was 
introgressed into two of the derived lines while BARC-039817-07592 also located at 47 cM 
between them was consistently maintained as a G. max allele (Figure 3). A similar occurrence 
was observed within the cross IA3023 × LG01-7747 (PI 65549) (Figure 11). On chromosome 2, 
BARC-057357-14727 at 83 cM was introgressed into two of the seven derived lines and BARC-
053163-11724 at 84 cM was introgressed into four of the seven derived lines while BARC-
010849-00771 also at 83 cM between them was consistently maintained as a G. max allele 
(Figure 11). On chromosome 8 within that same cross, BARC-044869-08827 at 58 cM was 
introgressed into four of the derived lines and BARC-055265-13154 at 66 cM was introgressed 
into three of the derived lines while BARC-044217-08646 at 61 cM was consistently maintained 
as a G. max allele. Also BARC-055945-13878 at 102 cM was introgressed into two of the seven 
derived lines and BARC-062129-17664 at 103 cM was introgressed into four of the derived lines 
while BARC-010341-00598 also at 103 cM between them was consistently maintained as a G. 
max allele (Figure 11). In the cross F6 IA3023 × LG01-7884 (PI 549046), BARC-053219-11764 
at 48 cM and BARC-058213-15160 at 51 cM on chromosome 4 were introgressed into eight of 
the ten derived lines while BARC-062981-18194 also at 51 cM between them was consistently 
maintained as a G. max allele (Figure 13). Also on that same chromosome BARC-058213-15160 
at 51 cM and BARC-049201-10820 at 52 cM were introgressed into eight of the derived lines 
while BARC-016757-03361 also at 51 cM and BARC-057827-14943 also at 52 cM located 
between them were consistently maintained as G. max alleles. Also BARC-058277-15192 at 54 
cM was introgressed into six of the ten derived lines and BARC-048827-10732 at 59 cM was 
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introgressed into four of the ten derived lines while BARC-061865-18888 at 55 cM was 
consistently maintained as a G. max allele (Figure 13). 
In the cross F6 IA2052 × LG01-7812 (PI 483461), two SNPs BARC-010501-00676 at 56 
cM and BARC-030359-06859 at 65 cM were introgressed into three of the nine derived lines 
while BARC-017917-02456 at 57 cM was consistently maintained as a G. max allele (Figure 
10). In the cross F6 LN97-15076 × LG01-7770 (PI 483461) similar occurrences were observed. 
BARC-018551-02971 at 34 cM on chromosome 13 was introgressed into one of the five derived 
lines and BARC-059591-15929 at 35 cM was introgressed into two of the derived lines while 
BARC-024765-05652 also at 35 cM between them was maintained as a G. max allele (Figure 
14). Also on chromosome 15 within that same cross, BARC-058689-17465 at 68 cM was 
introgressed into one of the derived lines and BARC-038377-10061 at 69 cM was introgressed 
into four of the derived lines while BARC-054023-12243 also at 69 cM between them was 
maintained as a G. max allele. Also on chromosome 16 BARC-045157-08897 at 25 cM and 
BARC-016775-02320 at 27 cM were introgressed into two of the five derived lines while 
BARC-022453-04332 at 26 cM was maintained as G. max allele (Figure 14). Most of the rare 
double crossover events observed in the preceding crosses involved the same BC1 parent, which 
may indicate random occurrences that were preserved during the development of those lines 
rather than intentional selection. 
There were several occurrences where the rare double crossovers were found in lines 
with the same donor and recurrent parents but involving different BC1 plants. On chromosome 7, 
BARC-016783-02329 at 50 cM and BARC-023593-05477 at 61 cM were introgressed into three 
of the nine lines derived from donor parent PI 549046 and recurrent parent Williams 82 while 
BARC-057955-15024 at 56 cM was consistently maintained as a G. max allele (Figure 7). Also 
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on chromosome 15, BARC-057969-15031 at 77 cM was introgressed into three of the derived 
lines and BARC-064319-18620 at 80 cM was introgressed into four of the derived lines while 
BARC-058493-15308 at 78 cM was consistently maintained as a G. max allele (Figure 7).  
Similar occurrences were observed among the eleven lines derived from using PI 479767 as 
donor parent and Williams 82 as recurrent parent. On chromosome 15, BARC-040185-07678 at 
77 cM and BARC-044083-08609 at 79 cM were introgressed into two of the eleven derived lines 
while BARC-058493-15308 at 78 cM was maintained as a G. max allele (Figure 4). Also on 
chromosome 16, BARC-042131-08181 at 73 cM was introgressed into seven of the eleven 
derived lines and BARC-045099-08885 at 78 cM was introgressed into five of the derived lines 
while BARC-030433-06867 at 76 cM was maintained as a G. max allele (Figure 4). These are 
also rare maybe random occurrences but having occurred and survived through two different 
BC1 plants indicates more strongly that they might have been intentionally selected.  
In conclusion, this research has demonstrated that it is possible to select against the G. 
soja phenotype and still maintain significant amounts of G. soja DNA in the derived lines. This 
is particularly seen in soybean-like lines that contained as high as 58% G. soja SNP alleles. 
Despite intense phenotypic selection employed, 13% of G. soja SNP alleles is maintained in the 
derived lines. Despite the wide ranges of G. soja SNPs in the derived lines, no major phenotypic 
effects could be consistently associated with these differences. A few alleles may be underlying 
the phenotypic differences between G. max and G. soja such that phenotypic differences are not 
observed when these alleles are selected out of a population. Also it could mean that the 
introgressed SNPs may be linked to genes that do not elicit major phenotypic effects or are 
neutral in their effects, or that selected alleles are linked to loci with positive effects.  
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The result of intentional selection for alleles is demonstrated by the consistency of 
particular G. soja SNP alleles introgressed into all derived lines from specific crosses. The lack 
of consistency in the introgression of these SNPs across donor parents indicates that either they 
are not linked to important agronomic traits or there are substantial genetic differences among 
the donor parents at those loci. Some G. soja SNP alleles that were introgressed into about half 
of the derived lines for some specific crosses appear to be potentially linked to yield and maturity 
genes. In spite of introgression of G. soja SNPs into all derived lines for specific crosses, there is 
lack of introgression into some chromosomes. This is most likely the result of rare but random 
genetic bottlenecks in the development of those lines rather than result of intentional selection 
against entire chromosomes given the very low number of lines without any introgression into 
entire chromosomes and the consistency of that lack of introgression in a few specific crosses. 
Unique contributions of donor parents to the final expression of alleles with positive or 
negative effects is shown by the diversity in G. soja SNP introgression and the lack of 
consistency of SNPs introgressed into all derived lines across donor parents. This study also 
showed significant differences among the genotypes for all the traits measured. Thus, the ability 
to produce genetically diverse breeding material while maintaining the agronomic quality of 
domesticated soybean can be achieved using backcrossing. The highest yielding genetically 
diverse lines, based on SNPs, are good candidates for inclusion in breeding programs to expand 
soybean genetic diversity.  
 53 
 
REFERENCES 
Abe, J., A. Hasegawa, H. Fukushi, T. Mikami, M. Ohara and Y. Shimamoto. 1999. Introgression 
between wild and cultivated soybeans of Japan revealed by RFLP analysis for 
chloroplast DNAs. Economic Botany 53:285–291. 
 
Agrama, H.A., W.G. Yan, F. Lee, R. Fjellstrom, M.H. Chen, M. Jia and A. McClung. 2009. 
Genetic assessment of a mini-core subset developed from the USDA rice genebank. 
Crop Science 49:1336–1346. 
 
Bernacchi, D., T. Beck-Bunn, D. Emmatty, Y. Eshed, S. Inai, J. Lopez, V. Petiard, H. Sayama, J. 
Uhlig, D. Zamir and S.D. Tanksley. 1998. Advanced backcross QTL analysis of tomato. 
II. Evaluation of near-isogenic lines carrying single-donor introgressions for desirable 
wild QTL-alleles derived from Lycopersicon hirsutum and L. pimpinellifolium. 
Theoretical and Applied Genetics 97:170–180. 
 
Bessey, C.E. 1906. Crop improvement by utilizing wild species. American Breeding Association 
2:112–118. 
   
Bonato, A.L.V., E.S. Calvo, I.O. Geraldi and C.A.A. Arias. 2006. Genetic similarity among 
soybean (Glycine max (L) Merrill) cultivars released in Brazil using AFLP markers. 
Genetics and Molecular Biology 29:692–704. 
 
Brar, D. 2005. Broadening the genepool and exploiting heterosis in cultivated rice, In: Rice is 
life: scientific perspectives for the 21st Century Toriyama K, Heong KL, Hardy B (eds) 
Proceedings of the World Rice Research Conference, Tokyo and Tsukuba, Japan, 4–7 
November 2004. 
 
Broich, S.L. and R.G. Palmer. 1980. A cluster analysis of wild and domesticated soybean 
phenotypes. Euphytica 29:23–32. 
 
Brown-Guedira, G.L., J.A. Thompson, R.L. Nelson and M.L. Warburton. 2000. Evaluation of 
Genetic Diversity of Soybean Introductions and North American Ancestors Using 
RAPD and SSR Markers. Crop Science 40:815–823. 
 
Budin, K., 1973. The use of wild species and primitive forms in agricultural crop breeding in the 
USSR. In: European and regional gene banks J. G. Hawkes & W. Lance (Eds). 
Eucarpia. Wageningen. pp 87–97. 
 
Carpenter, J.A. and W.R. Fehr. 1986. Genetic variability for desirable agronomic traits in 
populations containing Glycine soja germplasm. Crop Science 26:681–686. 
 
Carter, T.E., R.L. Nelson, C.H. Sneller and Z. Cui. 2004. Genetic Diversity in Soybean, pp. 303-
416. In Soybeans: improvement, production, and uses, edited by H. R. Boerma and J. E. 
Specht. American Society of Agronomy, Crop Science Society of America, Soil Science 
Society of America, Madison, Wis. 
 54 
 
 
Chapman, M.A., C.H. Pashley, J. Wenzler, J. Hvala, S. Tang, S.J. Knapp and J.M. Burke. 2008. 
A genomic scan for selection reveals candidates for genes involved in the evolution of 
cultivated sunflower (Helianthus annuus). The Plant Cell 20:2931–2945. 
 
Concibido, V.C., B.L. Vallee, P. Mclaird, N. Pineda, J. Meyer, L. Hummel, J. Yang, K. Wu and 
X. Delannay. 2003. Introgression of a quantitative trait locus for yield from Glycine soja 
into commercial soybean cultivars. Theoretical and Applied Genetics 106:575–582. 
 
De Candolle, A. 1886. Origin of Cultivated Plants. 1967 Reprint, Hafner Publishing Company, 
New York. (2nd Ed.). 
 
Ertl, D.S. and W.R. Fehr. 1985. Agronomic performance of soybean genotypes from Glycine 
max × Glycine soja crosses. Crop Science 25:589–592. 
 
Fageria, N.K., V.C. Baligar and C.A. Jones. 1997. Growth and mineral nutrition of field crops. 
2nd Ed. Marcel Dekker, Inc., New York. 
 
Fehr, W.R., C.E. Caviness, D.T. Burmood and J.S. Pennington. 1971. Stage of development 
descriptions for soybeans, Glycine max (L.) Merrill. Crop Science 11:929–933. 
 
Fu, Y., G.W. Peterson and M.J. Morrison. 2007. Genetic diversity of Canadian soybean cultivars 
and exotic germplasm revealed by simple sequence repeat markers. Crop Science 
4:1947–1954.  
 
Fukuda,Y. 1933. Cytogenetical studies on the wild and cultivated Manchurian soybeans. 
Japanese Journal of Botany 6:489–506. 
 
Fujita, R., M. Ohara, K. Okazaki and Y. Shimamoto. 1997. The extent of natural cross-
pollination in wild soybean (Glycine soja). Journal of Heredity 88:124–128. 
 
Gale, M.D. and T.E. Miller. 1987. The introduction of alien genetic variation in wheat. In:  
Wheat Breeding: Its Scientific Basis (ed. F. G. H. Lupton), Chapman and Hall, London, 
U K. pp. 173–210. 
 
Gentry, H.S. 1969. Origin of the common bean, Phaseolus vulgaris. Economic Botany 23:55–69. 
 
Gizlice, Z., T.E. Carter, Jr. and J.W. Burton. 1994. Genetic base for North American public 
soybean cultivars released between 1947 and 1988. Crop Science 34:1143–1151. 
 
Guo, J., Y. Liu, Y. Wang, J. Chen, Y. Li, H. Huang, L. Qiu and Y. Wang. 2012. Population 
structure of the wild soybean (Glycine soja) in China: implications from microsatellite 
analyses. Annals of Botany 110:777–785. 
 
 55 
 
Guo, J., Y. Wang, C. Song, J. Zhou, L. Qiu, H. Huang and Y. Wang. 2010. A single origin and 
moderate bottleneck during domestication of soybean (Glycine max): implications from 
microsatellites and nucleotide sequences. Annals of Botany 106:505–514. 
 
Hajjar, R. and T. Hodgkin. 2007. The use of wild relatives in crop improvement: A survey of 
developments over the last 20 years. Euphytica 156:1–13. 
 
Hartwig, E.E. 1973. Varietal development. In Soybeans: improvement, production, and uses. 
Edited by B.E. Caldwell. American Society of Agronomy Publ. No. 16. American 
Society of Agronomy, Madison, Wis. pp. 187–210. 
 
Hymowitz, T. and R.J. Singh. 1987. Taxonomy and speciation. In: Soybeans, Improvement, 
Production, and Uses (ed. Wilcox JR), pp. 23–48. American Society of Agronomy and 
Crop Science Society of America, Madison, Wisconsin. 
 
Hyten, D.L., I.Y. Choi, Q. Song, J.E. Specht, T.E. Carter Jr, R.C. Shoemaker, E.Y. Hwang, L.K. 
Matukumalli and P.B. Cregan. 2010. A High Density Integrated Genetic Linkage Map 
of Soybean and the Development of a 1536 Universal Soy Linkage Panel for 
Quantitative Trait Locus Mapping. Crop Science 50:960–968. 
 
Hyten, D.L., Q. Song, Y. Zhu, I. Choi, R.L. Nelson, J.M. Costa, J.E. Specht, R.C. Shoemaker 
and P.B. Cregan. 2006. Impacts of genetic bottlenecks on soybean genome diversity. 
Proceedings of the National Academy of Sciences, USA 103:16666–16671. 
 
Ininda, J., W.R. Fehr, S.R. Cianzio and S.R. Schnebly. 1996. Genetic gain in soybean 
populations with different percentages of plant introduction parentage. Crop Science 
36:1470–1472. 
 
Jaiswal, H.K., B.D. Singh and R.M. Singh. 1987. Improvement of chickpea (Cicer arietinum) 
through introgression of genes from Cicer reticulatum. Indian Journal of Agricultural 
Science 57:880–883. 
 
Keim, P., T.C. Olson and R.C. Shoemaker. 1988. A rapid protocol for isolating soybean DNA. 
Soybean Genetic Newsletter 15:150–152. 
 
Kelly, J.D. 2004. Advances in common bean improvement: Some case histories with broader 
applications. Acta Horticulturae 637:99–122. 
 
Kim, K.-S., B.W. Diers, D.L. Hyten, M.A.R. Mian, J.G. Shannon and R.L. Nelson. 2012. 
Identification of positive yield QTL alleles from exotic soybean germplasm in two 
backcross populations. Theoretical and Applied Genetics 125:1353–1369. 
 
 
 56 
 
Ki-moon, B. 2008. The high-level conference on world food security: the challenges of climate 
change and Bioenergy. United Nations (FAO), Rome, Italy. Conference report. 
http://www.fao.org/foodclimate/conference/statements/day1-am/en/. 
 
Kollipara, K.P., R.J. Singh and T. Hymowitz. 1997. Phylogenetic and genomic relationships in 
the genus Glycine Willd. based on sequences from the ITS region of nuclear rDNA. 
Genome 40:57–68. 
 
Kuroda, Y., N. Tomooka, A. Kaga, S.M.S.W. Wanigadeva and D.A. Vaughan. 2009. Genetic 
diversity of wild soybean (Glycine soja Sieb. et Zucc.) and Japanese cultivated soybeans 
[G. max (L.) Merr.] based on microsatellite (SSR) analysis and the selection of a core 
collection. Genetic Resources and Crop Evolution 56:1045–1055. 
 
Lam, H.M., X. Xu, X. Liu, W. Chen, G. Yang, F.L. Wong, M.W. Li, W. He, N. Qin, B. Wang, J. 
Li, M. Jian, G. Shao, J. Wang, S.S.M. Sun and G. Zhang. 2010. Resequencing of 31 
wild and cultivated soybean Genomes identifies patterns of genetic diversity and 
selection. Nature Genetics 42:1053–1059. 
 
Lee, J.D., S.K. Park and Y.H. Hwang. 2004a. Evaluation of agronomic characteristics for 
development of small seed-size soybeans by interspecific crosses. Korean Journal of 
Breeding 36:207–213. 
 
Lee, S.H., D.R. Walker, P.B. Cregan and H.R. Boerma. 2004b. Comparison of four flow 
cytometric SNP detection assays and their use in plant improvement. Theoretical and 
Applied Genetics 110:167–174. 
 
Lee, J.D., J.K. Yu, Y.H. Hwang, S. Blake, Y.S. So, G.J. Lee, H.T. Nguyen and J.G. Shannon. 
2008. Genetic diversity of wild soybean (Glycine soja Sieb. and Zucc.) accessions from 
South Korea and other countries. Crop Science 48:606–616. 
 
Lee, J.D., J.G. Shannon, T.D. Vuong, H. Moon, H.T. Nguyen, C. Tsukamoto and G. Chung. 
2010. Genetic diversity in wild soybean (Glycine soja Sieb. and Zucc.) accessions from 
southern islands of Korean peninsula. Plant Breeding 129:257–263. 
 
Li, Z. and R.L. Nelson. 2002. RAPD marker diversity among cultivated and wild soybean 
accessions from four Chinese provinces. Crop Science 42:1737–1744. 
 
Li, D., T.W. Pfeiffer and P.L. Cornelius. 2008. Soybean QTL for yield and yield components 
associated with alleles. Crop Science 48:571–581. 
 
Li, X.H., K.J. Wang and J.Z. Jia. 2009a. Genetic diversity and differentiation of Chinese wild 
soybean germplasm (G. soja Sieb. & Zucc.) in geographical scale revealed by SSR 
markers. Plant Breeding 128:658–664. 
 
Li, R., C. Yu, Y. Li, T-W. Lam, S-M. Yiu, K. Kristiansen and J. Wang. 2009b. SOAP2: an 
improved ultrafast tool for short read alignment. Bioinformatics 25:1966–1967. 
 57 
 
Li, Y.H., W. Li, C. Zhang, L. Yang, R.Z. Chang, B.S. Gaut and L.J. Qiu. 2010. Genetic diversity 
in domesticated soybean (Glycine max) and its wild progenitor (Glycine soja) for simple 
sequence repeat and single-nucleotide polymorphism loci. New Phytologist 188:42–253. 
 
López-Salinas, E., J.A. Acosta-Gallegos, E.N. Becerra-Leor, G. Frayre-Vázquez, S.H. Orozco 
and S.E. Beebe. 1997. Registration of ‘Negro Tacana’ common bean. Crop Science 
37:1022. 
 
Lu, B.R. 2004. Conserving biodiversity of soybean gene pool in the biotechnology era. Plant 
Species Biology 19:115–125. 
 
Maughan, P.J., M.A. Saghai-Maroof, G.R. Buss and G.M. Huestis. 1996. Amplified fragment 
length polymorphism (AFLP) in soybean: Species diversity, inheritance, and near-
isogenic line analysis. Theoretical and Applied Genetics 93:392–401. 
 
Maxted, N. and S. Kell. 2009. Establishment of a global network for the in situ conservation of 
crop wild relatives: status and needs. FAO Commission on Genetic Resources for Food 
and Agriculture. 266pp. 
 
Meilleur, B.A. and T. Hodgkin. 2004. In situ conservation of crop wild relatives. Biodiversity 
and Conservation 13:663–684. 
 
Min, W., L. Run-zhi, Y. Wan-ming and D. Wei-jun. 2010. Assessing the genetic diversity of 
cultivars and wild soybeans using SSR markers.  African Journal of Biotechnology 
31:4857–4866. 
 
Nichols, D.M., W. Lianzheng, Y. Pei, K.D. Glover and B.W. Diers. 2007. Variability among 
Chinese and Chinese and North American Soybean Genotypes. Crop Science 47:1289–
1298. 
 
Palmer, R.G., K.E. Newhouse, R.A. Graybosch and X. Delannay. 1987. Chromosome structure 
of wild soybean (Glycine soja Sieb. & Zucc.) accessions from China and the Soviet 
Union. Journal of Heredity 78:243–247. 
 
Palmer, R.G., T.W. Pfeiffer, G.R. Buss and T.C. Kilen. 2004. Qualitative genetics. In Soybeans: 
improvement, production, and uses. 3 edition. Edited by: Boerma H.R, Specht J.E. 
Madison, WI: ASA, CSSA, and SSSA; 2004:137–214. 
 
Pan, Z.W., L. Ding, M. Wang and J. Ma. 2000. The use of wild soybean germplasm and its 
conservation in Wuhe country. Anhui Agricultural Science Bulletin 6:26–27. 
 
Pardue, S.L. 2010. Symposium: Global views of new agriculture food, energy, and the 
environment. Poultry Science 89:797–802. 
 
Pei, Y.L., L. Wang, S. Ge and L.Z. Wang. 1996. Study on genetic diversity of Glycine soja-
isozyme variation in four populations (Chin.). Soybean Science 15:302–309. 
 58 
 
 
Pritchard, J.K., M. Stephens and P. Donnelly. 2000. Inference of population structure using 
multilocus genotype data. Genetics 155:945–959. 
 
Rhodes, A.M. 1959. Species hybridization and interspecific gene transfer in the genus Cucurbita. 
Proceedings of American Society for Horticultural Science 74:546–551.  
 
Ross-Ibarra, J., P.L. Morrell and B.S. Gaut. 2007. Plant domestication, a unique opportunity to 
identify the genetic basis of adaptation. Proceedings of the National Academy of 
Sciences, USA 104:8641–8648. 
 
Singh, K.B. and B. Ocampo. 1993. Interspecific hybridization in annual Cicer species. Journal of 
Genetics and Breeding 47:199–204.  
  
Singh, K.B. and B. Ocampo. 1997. Exploitation of wild Cicer species for yield improvement in 
chickpea. Theoretical and Applied Genetics 95:418–423. 
 
Singh, R.J. and T. Hymowitz. 1999. Soybean genetic resources and crop improvement. Genome 
42:605–616. 
 
Singh, S., R.K. Gumber, N. Joshi and K. Singh. 2005. Introgression from wild Cicer reticulatum 
to cultivated chickpea for productivity and disease resistance. Plant Breeding 124:477–
480. 
 
Singh, S.P., A. Molina and P. Gepts. 1995. Potential of wild common bean for seed yield 
improvement of cultivars in the tropics. Canadian Journal of Plant Science 75:807–813. 
 
Smalley, M.D., W.R. Fehr, S.R. Cianzio, F. Han, S.A. Sebastian and L.G. Streit. 2004. 
Quantitative trait loci for soybean seed yield in elite and plant introduction 
germplasm. Crop Science 44:436–442. 
 
Smith, J.R. and R.L. Nelson. 1986. Relationship between seed filling period and yield among 
soybean breeding lines. Crop Science 26:469–472. 
 
Sneller, C.H., J.W. Miles and J.M. Hoyt. 1997. Agronomic performance of soybean plant 
introductions and their genetic similarity to elite lines. Crop Science 37:1595–1600. 
 
Sneller, C.H., R.L. Nelson, T.E. Carter Jr. and Z. Cui. 2005. Genetic Diversity in Crop 
Improvement: The Soybean Experience. Journal of Crop Improvement 14:103–144.  
 
Stupar, R.M. 2010. Into the wild: The soybean genome meets its undomesticated relative. 
Proceedings of the National Academy of Sciences, USA 107:21947–21948. 
 
Tajima, F. 1983. Evolutionary relationship of DNA sequences in finite populations. Genetics 
105:437–460. 
 
 59 
 
Tanksley, S.D. and S.R. McCouch. 1997. Seed banks and molecular maps: unlocking genetic 
potential from the wild. Science 277:1063–1066. 
 
Thompson, J.A. and R.L. Nelson. 1998. Utilization of diverse germplasm for soybean yield 
improvement. Crop Science 38:1362–1368. 
 
United States Census Bureau. 2010. World population: 1950–2050. 
http://www.census.gov/ipc/www/idb/worldpopgraph.php. Accessed Aug. 10, 2010. 
 
United States Department of Agriculture (USDA) Foreign Agricultural Service’s database. 2011.   
http://www.fas.usda.gov/ofso/overseas_post_directory/fas_office_home_pages.asp 
 
USDA, Agricultural Research Service, National Genetic Resources Program. Germplasm 
Resources Information Network - (GRIN). [Online Database] National Germplasm 
Resources Laboratory, Beltsville, Maryland. 
 
Vavilov, N. 1951. The Origin, Variation, Immunity and Breeding of Cultivated Plants. (Trans. by 
K. Starr Chester) Chronica Botanica Vol. 13. The Ronald Press Company, New York. 
 
Vello, N.A., W.R. Fehr and J.B. Bahrenfus. 1984. Genetic variability and agronomic 
performance of soybean populations developed from plant introductions. Crop Science 
24:511–514. 
 
Vollbrecht, E. and B. Sigmon. 2005. Amazing grass: Developmental genetics of maize 
domestication. Biochemical Society Transactions 33:1502–1506. 
 
Wang, D., G.L. Graef, A.M. Procopiuk and B.W. Diers. 2004. Identification of putative QTL 
that underlie yield in interspecific soybean backcross populations. Theoretical and 
Applied Genetics 108:458–467. 
 
Wang, K.J. and X.H. Li. 2012. Genetic diversity and geographical peculiarity of Tibetan wild 
soybean (Glycine soja). Genetic Resources and Crop Evolution 59:479–490. 
 
Wang, K.J. and Y. Takahata. 2007. A preliminary comparative evaluation of genetic diversity 
between Chinese and Japanese wild soybean (Glycine soja) germplasm pools using SSR 
markers. Genetic Resources and Crop Evolution 54:157–165.  
 
Watterson, G.A. 1975. Number of segregating sites in genetic models without recombination. 
Theoretical Population Biology 7:256–276. 
 
 60 
 
Wen, Z., Y. Ding, T. Zhao and J. Gai. 2009. Genetic diversity and peculiarity of annual wild 
soybean (G. soja Sieb. et Zucc.) from various eco-regions in China.  Theoretical and 
Applied Genetics 119:371–381. 
 
Williams, L.F. 1952. The inheritance of certain black and brown pigments in the soybean. 
Genetics 37:208–215. 
 
Wright, S.I., I.V. Bi, S.G. Schroeder, M. Yamasaki, J.F. Doebley, M.D. McMullen and B.S. 
Gaut. 2005. The effects of artificial selection on the maize genome. Science 308:1310–
1314.  
 
Yu, H. and Y.T. Kiang. 1993. Genetic variation in South Korean natural populations of wild 
soybean (Glycine soja). Euphytica 68:213–221. 
 
Zamir, D. 2001. Improving plant breeding with exotic genetic libraries. Nature Review Genetics 
2:983–989.   
 
Zhao, L.M., Y.S. Dong, B. Liu, S. Hao, K.J. Wang and X.H. Li. 2005. Establishment of a core 
collection for the Chinese annual wild soybean (Glycine Soja). Chinese Science Bulletin 
50:989–996. 
 
Zhukovsky, P.M. 1968. New gene centers of the origin and new gene centers of cultivated plants 
including specifically endemic microcenters of species closely allied to cultivated 
species (In Russian). Botanicheskii Zhurnal 53:430–480. 
 
Zohary, D. 1970. Wild wheats. In: O. H. Frankel & E. Bennett (Eds), Genetic resources in 
plants, their exploration and conservation. Blackwell Scientific Publications. Oxford 
and Edinburgh. pp. 239–247. 
 
 
 
 
 
 61 
 
TABLES 
 
Table 1. Total number of lines for each G. soja by soybean cross evaluated.    
  Donor Parent    
Recurrent Parent PI  65549 PI 479767 PI 483461 PI 507807 PI 549046 PI 479767/ PI 549046 Total 
Williams 82 5 7 3 5 5 4 29 
Williams 82 & IA 2052 2 21 9 —  —  — 32 
Williams 82 & IA 3023 7 9 —  —  10 — 26 
Williams 82 & LN 97-15076 —  —  5 —  1 — 6 
Total 14 37 17 5 16 4  
— Cross was not made. 
 
Table 2. Average number of SNPs in lines from each soybean by wild soybean cross that were 
not identified in the genotypes of plants from the parental lines. 
  Donor  Total  Unexpected  
Recurrent Parent Parent # of SNPs† SNP (%) 
Williams 82 PI  65549 1333 9 
Williams 82 PI479767 1330 5 
Williams 82 PI483461 1337 0.2 
Williams 82 PI507807 1328 3 
Williams 82 PI549046 1360 4 
Williams 82 & IA 2052 PI  65549 1326 1 
Williams 82 & IA 2052 PI479767 1321 2 
Williams 82 & IA 2052 PI483461 1322 2 
Williams 82 & IA3023 PI  65549 1333 2 
Williams 82 & IA3023 PI479767 1330 3 
Williams 82 & IA3023 PI549046 1360 3 
Williams 82 & LN97-15076 PI483461 1328 2 
Williams 82 & LN97-15076 PI549046 1292 0.2 
† Made up of both polymorphic and non-polymorphic SNPs. 
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Table 3. Combined analysis of variance of agronomic traits across ten environments in Nebraska, Missouri, 
Illinois and Ohio in 2011 and Nebraska, Missouri and Illinois in 2012.  
    Mean Square 
Source of 
variation d.f. R1† Lodging Height‡ R8 ¶ Yield 
M 1   685.5 **  0.0 ns 9161.5 *** 18353.0 *** 17753908 ns 
P(M) 10   25.3 *    1.3 *** 1498.2 ***     414.7 ***      5033749 *** 
G(P*M) 88       41.5 ***    0.3 ***   577.2 ***     100.8 ***        745333 *** 
E 9 1551.7 **  8.9 **     3986.4 **   8179.8 ***   49562072 ** 
R(E) 10     10.7 ** 0.1 ns       393.4 ns     70.9 **   1769844 * 
E*P(M) 90     9.7 * 0.2 **       188.9 ns     26.9 **       447844 ns 
E*G(P*M) 792         4.9 ***   0.1 ***         57.2 ***         7.2 ***          182225 *** 
E*M 9     30.6 ** 0.1 ns       123.2 ns     40.1 ns       3882958 ** 
M*R(E) 10      0.5 ns 0.1 ns       147.2 ns       7.2 ns        466409 ns 
P*R(E*M) 100    2.8 *   0.1 ***       126.5 ***       11.3 ***           362955 *** 
* Significance at 0.05, ** Significance at 0.01, *** Significance at <0.0001, ns: Not significant. 
M = Maturity group, G = Genotype, P = Pedigree, E = Environment, R = Replication. 
d.f. = Degrees of freedom.      
† Days to 50% flowering measured in four environments over two years.  
‡ Plant height was measured in eight environments over two years. 
¶ Days to 95% of pods at final color (Days after May 31). 
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Table 4. Mean and standard error of agronomic traits of Glycine soja derived lines and checks, averaged across all 
environments in Nebraska, Missouri, Illinois and Ohio in 2011 and Nebraska, Missouri and Illinois in 2012.  
 Year 
Trait 2011 2012 2011 and 2012 
MG III Entries‡ Checks§ Entries Checks Entries Checks 
Yield (Kg ha-1) 3454 ± 29     3764 ± 136  3340 ± 40   3704 ± 127  3405 ± 24   3727 ± 104 
R8 (days) ¶    118 ± 0.3     121 ± 1.3     118 ± 0.4    121 ± 1.3     118 ± 8.7    121 ± 1.1 
Lodging (1 - 5)       2.1 ± 0.03      1.9 ± 0.1        1.7 ± 0.03     1.3 ± 0.1      2.0 ± 0.8    1.8  ± 0.7 
Height (cm) 100 ± 1    98 ± 3  102 ± 1   95 ± 2        100 ± 11    98  ± 13 
R1 (days)†      28 ± 0.2    28 ± 1       30 ± 0.2   31 ± 1       29 ± 0.2  30  ± 4 
MG IV          
Yield (Kg ha-1) 3506 ± 37    3977 ± 127 3664 ± 45   4190 ± 131   3569 ± 28 4062  ± 93 
R8 (days)    127 ± 0.4    126 ± 1.0    125 ± 0.5    126 ± 1.4      126 ± 0.3    126  ± 0.8 
Lodging       2.1 ± 0.03     1.6 ± 0.1       1.7 ± 0.03     1.4 ± 0.1       2.0 ± 0.7     1.5  ± 0.1 
Height (cm) 107 ± 1   95 ± 2 108 ± 1   96 ± 2      107 ± 0.4   95  ± 1 
R (days)†      30 ± 0.4      30 ± 1.4     33 ± 0.3      31 ± 0.8        32 ± 0.2      31  ± 0.7 
¶ Maturity date (Days after May 31). 
† Days after May 31 to 50% of plants have at least one flower measured in one environment in 2011 and three environments in 2012. 
‡ There were 53 and 40 maturity group III and IV derived lines, respectively. 
§ There were 3 and 4 maturity group III and IV checks, respectively. 
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Table 5. Means of agronomic traits and amount of G. soja based on SNPs of derived lines and checks averaged over ten 
environments in Nebraska, Missouri, Illinois and Ohio in 2011 and Nebraska, Missouri and Illinois in 2012. 
      Donor Mat. R1 ‡ Height Lod § R8 # Yield % 
Entry Pedigree BC ¶ Parent gp † (days) (cm) (1 - 5) (days) (kg ha-1) G. soja 
IA4005 Check   IV 29 87 1.3 126 4238  
LD00-3309 Check   IV 30 91 1.4 125 4193  
IA3023 Check   III 29 88 1.5 119 4092  
LG04-6000 Check   IV 33 100 1.7 128 4085  
LN97-15076 Check   IV 32 101 1.7 125 3734  
IA4004 Check   III 29 94 1.8 120 3678  
Williams 82 Check   III 31 111 1.8 125 3412  
LG08-1611  F6 IA2052 x LG01-7697 2 PI 479767 III 30 106 2.5 119 3605 11 
LG08-1613  F6 IA2052 x LG01-7697 2 PI 479767 III 30 108 2.3 117 3717 11 
LG08-1614  F6 IA2052 x LG01-7697 2 PI 479767 III 29 114 2.6 120 3496 8 
LG08-1615  F6 IA2052 x LG01-7697 2 PI 479767 III 31 100 2.4 119 3635 19 
LG08-1624  F6 IA2052 x LG01-7697 2 PI 479767 III 29 101 2.1 118 3648 9 
LG08-3030  F6 IA2052 x LG01-7697 2 PI 479767 III 28 101 2.3 119 3814 7 
LG08-3034  F6 IA2052 x LG01-7697 2 PI 479767 III 29 98 2.4 116 3400 11 
LG08-3058  F6 IA2052 x LG01-7697 2 PI 479767 III 27 101 2.2 117 3714 12 
LG08-3060  F6 IA2052 x LG01-7697 2 PI 479767 IV 29 106 1.9 123 3866 8 
LG08-3062  F6 IA2052 x LG01-7697 2 PI 479767 III 28 99 2.3 119 3479 10 
LG08-3070  F6 IA2052 x LG01-7697 2 PI 479767 III 31 99 1.9 116 3565 23 
LG08-3071  F6 IA2052 x LG01-7697 2 PI 479767 III 27 95 1.7 117 3609 9 
LG08-3074  F6 IA2052 x LG01-7697 2 PI 479767 III 27 103 2.2 118 3746 27 
LG08-3075  F6 IA2052 x LG01-7697 2 PI 479767 IV 31 111 2.3 123 3654 24 
LG08-3077  F6 IA2052 x LG01-7697 2 PI 479767 III 28 99 1.9 118 3654 15 
LG08-3079  F6 IA2052 x LG01-7697 2 PI 479767 III 27 99 2.1 115 3377 15 
LG08-3080  F6 IA2052 x LG01-7697 2 PI 479767 IV 31 103 2.0 123 3749 6 
LG08-3082  F6 IA2052 x LG01-7697 2 PI 479767 IV 29 103 1.9 121 3756 13 
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Table 5 (continued) 
LG08-3090  F6 IA2052 x LG01-7697 2 PI 479767 IV 29 102 2.3 123 3505 16 
LG08-3091  F6 IA2052 x LG01-7697 2 PI 479767 IV 28 104 2.2 123 3421 8 
LG08-3115  F6 IA2052 x LG01-7697 2 PI 479767 IV 31 113 2.3 126 3766 23 
LG07-2288  F4 IA3023 x LG01-7728 2 PI 479767 III 29 88 1.8 121 3576 11 
LG07-2290  F4 IA3023 x LG01-7728 2 PI 479767 IV 33 111 1.9 128 3547 7 
LG07-2312  F4 IA3023 x LG01-7728 2 PI 479767 IV 36 99 2.0 125 3805 6 
LG07-2316  F4 IA3023 x LG01-7728 2 PI 479767 III 32 94 1.6 122 3221 12 
LG07-2322  F4 IA3023 x LG01-7728 2 PI 479767 IV 31 94 1.6 122 3702 21 
LG08-3270  F6 IA3023 x LG01-7728 2 PI 479767 IV 32 103 1.7 124 3814 22 
LG08-3277  F6 IA3023 x LG01-7728 2 PI 479767 IV 31 109 2.1 126 3766 21 
LG08-3287  F6 IA3023 x LG01-7728 2 PI 479767 III 30 99 2.1 120 3618 20 
LG08-4914  F6 IA3023 x LG01-7728 2 PI 479767 IV 31 105 2.1 124 3660 25 
LG07-2721  F4 Williams 82 x LG01-7681 2 PI 479767 IV 42 113 2.1 124 3410 29 
LG07-2759  F4 Williams 82 x LG01-7681 2 PI 479767 IV 32 107 2.0 125 3290 22 
LG07-2761  F4 Williams 82 x LG01-7681 2 PI 479767 III 35 113 2.2 122 3211 9 
LG08-4143  F6 Williams 82 x LG01-7728 2 PI 479767 IV 33 116 1.8 126 3322 6 
LG08-4151  F6 Williams 82 x LG01-7728 2 PI 479767 IV 33 105 1.9 125 3393 6 
LG08-4152  F6 Williams 82 x LG01-7728 2 PI 479767 IV 34 106 1.9 129 3560 9 
LG08-4161  F6 Williams 82 x LG01-7728 2 PI 479767 IV 32 108 1.9 125 3480 7 
LG08-1660  F6 IA2052 x LG01-7812 2 PI 483461 III 29 98 1.7 115 3560 10 
LG08-1681  F6 IA2052 x LG01-7812 2 PI 483461 III 26 96 1.8 116 3447 5 
LG08-1682  F6 IA2052 x LG01-7812 2 PI 483461 III 27 103 1.6 117 3391 13 
LG08-1686  F6 IA2052 x LG01-7812 2 PI 483461 III 28 98 1.8 114 3469 10 
LG08-1690  F6 IA2052 x LG01-7812 2 PI 483461 III 26 88 1.4 115 3288 9 
LG08-1691  F6 IA2052 x LG01-7812 2 PI 483461 III 26 99 2.1 116 3616 12 
LG08-1692  F6 IA2052 x LG01-7812 2 PI 483461 III 28 99 1.6 115 3144 19 
LG08-1693  F6 IA2052 x LG01-7812 2 PI 483461 III 28 99 2.5 115 3543 19 
LG08-1695  F6 IA2052 x LG01-7812 2 PI 483461 III 27 97 1.6 114 3430 13 
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Table 5 (continued) 
LG08-3940  F6 LN97-15076 x LG01-7770 2 PI 483461 III 31 94 1.7 120 3438 15 
LG08-3975  F6 LN97-15076 x LG01-7770 2 PI 483461 IV 33 109 2.0 128 3753 18 
LG08-3981  F6 LN97-15076 x LG01-7770 2 PI 483461 III 29 101 2.0 120 3401 13 
LG08-3989  F6 LN97-15076 x LG01-7770 2 PI 483461 III 31 95 1.9 119 3456 14 
LG08-3997  F6 LN97-15076 x LG01-7770 2 PI 483461 IV 33 111 2.0 124 3566 3 
LG08-4186  F6 Williams 82 x LG01-7770 2 PI 483461 III 32 109 1.8 122 3133 6 
LG08-4189  F6 Williams 82 x LG01-7770 2 PI 483461 IV 32 105 1.9 125 3347 7 
LG08-4195  F6 Williams 82 x LG01-7770 2 PI 483461 III 30 106 1.8 122 3421 7 
LG07-4722  F5 Williams 82(2) x 507807 1 PI 507807 III 33 106 2.4 121 3305 24 
LG07-4727  F5 Williams 82(2) x 507807 1 PI 507807 IV 30 113 2.0 127 3322 11 
LG07-4733  F5 Williams 82(2) x 507807 1 PI 507807 III 33 106 2.3 122 2791 14 
LG07-4735  F5 Williams 82(2) x 507807 1 PI 507807 III 26 99 2.1 122 2966 9 
LG07-4748  F3 Williams 82 (4) x 507807 3 PI 507807 IV 33 112 1.7 125 3235 8 
LG08-3389  F6 IA3023 x LG01-7884 2 PI 549046 III 28 108 2.1 118 3608 27 
LG08-3405  F6 IA3023 x LG01-7884 2 PI 549046 IV 30 103 1.9 123 3427 13 
LG08-3408  F6 IA3023 x LG01-7884 2 PI 549046 IV 32 105 1.9 127 3699 19 
LG08-3414  F6 IA3023 x LG01-7884 2 PI 549046 IV 31 100 2.0 125 3689 25 
LG08-3433  F6 IA3023 x LG01-7884 2 PI 549046 III 30 105 1.6 119 3467 2 
LG08-3439  F6 IA3023 x LG01-7884 2 PI 549046 III 32 88 1.4 116 3502 17 
LG08-3461  F6 IA3023 x LG01-7884 2 PI 549046 IV 32 99 1.9 127 3475 6 
LG08-3462  F6 IA3023 x LG01-7884 2 PI 549046 IV 30 97 1.7 126 3689 23 
LG08-3465  F6 IA3023 x LG01-7884 2 PI 549046 IV 32 98 1.9 126 3922 24 
LG08-3468  F6 IA3023 x LG01-7884 2 PI 549046 IV 31 98 2.2 124 3610 21 
LG08-5097  F6 LN97-15076 x LG01-7884 2 PI 549046 IV 33 116 1.9 128 3803 9 
LG07-1963  F4 Williams 82 x LG01-7919 2 PI 549046 III 30 103 1.7 122 3171 10 
LG08-7261  F6 Williams 82 x LG01-7919 2 PI 549046 IV 38 114 2.2 130 3396 8 
LG07-2025  F4 Williams 82 x LG01-7909 2 PI 549046 III 29 103 1.8 119 3412 1 
LG07-4212  F5 Williams 82 x LG01-7909 2 PI 549046 III 31 107 2.1 119 3091 10 
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Table 5 (continued) 
LG07-4231  F5 Williams 82 x LG01-7909 2 PI 549046 III 30 107 2.1 121 3489 6 
LG08-4831  F6 IA2052 x LG01-7747 2 PI 065549 IV 30 109 2.6 129 3547 5 
LG08-4855  F6 IA2052 x LG01-7747 2 PI 065549 IV 31 120 2.3 131 3603 9 
LG08-3306  F6 IA3023 x LG01-7747 2 PI 065549 III 29 88 1.7 115 3322 7 
LG08-3360  F6 IA3023 x LG01-7747 2 PI 065549 III 26 102 1.7 117 3429 19 
LG08-4925  F6 IA3023 x LG01-7747 2 PI 065549 IV 33 104 1.6 130 3585 25 
LG08-7797  F5 IA3023 x LG01-7747 2 PI 065549 IV 31 113 2.1 131 3436 20 
LG08-7799  F5 IA3023 x LG01-7747 2 PI 065549 III 32 98 1.4 117 3514 21 
LG08-7823  F5 IA3023 x LG01-7747 2 PI 065549 IV 33 110 2.1 130 3716 22 
LG08-7838  F5 IA3023 x LG01-7747 2 PI 065549 IV 30 111 2.2 131 3464 9 
LG07-2155  F4 Williams 82 x LG01-7747 2 PI 065549 III 30 100 1.7 117 2671 32 
LG07-2165  F4 Williams 82 x LG01-7747 2 PI 065549 III 30 99 1.7 120 3230 30 
LG07-2180  F4 Williams 82 x LG01-7747 2 PI 065549 III 31 104 1.7 122 3202 22 
LG07-2210  F4 Williams 82 x LG01-7747 2 PI 065549 III 30 103 1.8 119 3189 12 
LG08-7481  F6 Williams 82 x LG01-7747 2 PI 065549 IV 34 110 2.3 132 3001 7 
LG07-4278  F5 LG01-7681 x LG01-7919 1 PI 479767 III 26 92 2.1 118 3392 4 
   PI 549046       7 
LG07-4283  F5 LG01-7681 x LG01-7919 1 PI 479767 III 30 97 2.1 120 3385 29 
   PI 549046       27 
LG07-4295  F5 LG01-7681 x LG01-7919 1 PI 479767 III 29 97 2.1 119 3196 30 
   PI 549046       28 
LG07-4298  F5 LG01-7681 x LG01-7919 1 PI 479767 III 28 99 2.2 120 3309 29 
   PI 549046       27 
Lsd (P<0.05)         1 5 0.3 1 243   
¶ Number of backcrosses to recurrent parent.           
† Maturity group.           
‡ Days after May 31 to 50% of plants have at least one flower measured in four environments over two years. 
§ Lodging score (1 = plant erect, 5 = prostrate).         
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# Maturity date (Days after May 31).           
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Table 6. Mean of agronomic data and percent G. soja for all derived lines for each donor parent averaged over ten 
environments for two years.   
Donor # of  Total Yield  Maturity Lodging Height§ R1‡    % G. soja
Parent BC† # of lines (kg ha-1) (days) (1 - 5) (cm) (days) % G. soja X2¶ Range
PI 479767 2 37 3582 122 2.0 104 31 14 0.21 (0.65) 6 – 29 
PI 549046 2 16 3528 123 1.9 103 31 14 0.21 (0.65) 1 – 27 
PI 483461 2 17 3435 119 1.8 100 29 11 0.21 (0.65) 3 – 19 
PI   65549 2 14 3351 124 2.0 105 31 17 1.85 (0.17) 5 – 32 
PI 507807 1 4 3096 123 2.2 106 31 15 5.33 (0.02) 9 – 24 
PI 479767/ 1 4 3321 119 2.1 96 28 23   0.21 (0.64) 4 – 29 
PI 549049        22 0.48 (0.49) 7 – 27 
PI 507807 3 1 3235 125 1.7 112 33 8 0.52 (0.47) 8 
Williams 82   3412 125 1.8 111 31    
IA 3023   4092 119 1.5 88 29    
LN 97-15076     3734 125 1.7 102 32     
† Number of backcrosses.           
§ Height is averaged over 8 environments for 2 years. 
‡ Days to flowering averaged over 4 environments for 2 years (was recorded after May 31). 
¶ Chi square test of deviations of % G. soja from expected proportions of 25%, 12.5% and 6.25% for BC1, BC2 and BC3 lines      
respectively (significance probability levels in parentheses).
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Table 7. Average allelic contribution (%) of each G. soja parent to derived lines.  
  Donor Parent   
Recurrent Parent PI  65549 PI 479767 PI 483461 PI 507807 PI 549046 Average 
Williams 82 21 16 7 13 14 14 
Williams 82 & IA 2052 7 14 12 —  —  11 
Williams 82 & IA 3023 17 16 —  —  18 17 
Williams 82 & LN 97-15076 —  —  13 —  9 11 
            13 
— Cross not made. 
       
Table 8. Chromosomes with no G. soja SNP introgressed into derived lines.        
Recurrent Parent 
Donor 
Parent 
# of 
lines   Chromosome Total 
Williams 82 PI 483461 3  4 5 10 11 12 13 16      7 
                 
Williams 82 & IA 2052  PI  65549 2  3 7 8 11 13 15 18 19     8 
                 
Williams 82 & LN 97-15076  PI 483461 5  5            1 
  PI 549046 1   4 5 6 8 10 11 12 13 14 15 17 19 12 
Total                               31 
 
 
Table 9. Location in cM of SNPs introgressed into all derived lines from two of the G. soja parents. 
  Donor Chromosome 
Recurrent Parent Parent 1 3 6 7 12 14 20 
Williams 82 PI 483461 97 27   72  63,64  57 
Williams 82 & IA2052 PI  65549    135   31   
 71 
 
 
 
Table 10. Frequency of lines that had SNPs that were introgressed into all derived lines from one G. soja parent in 
crosses with the other G. soja parents. 
        Donor Parent 
Rec Parent¶ SNP Chr† Position‡ PI 65549 PI 549046 PI 479767 PI 507807 PI 483461 
 BARC-042071-08163 3 27 0.0 * 0.4 0.2 1.0 
Williams 82 BARC-055637-13558 3 27 0.6 * 0.8 0.4 1.0 
 BARC-012865-00400 7 72 0.8 * * 0.8 1.0 
 BARC-061279-17151 14 63 0.4 0.3 0.2 0.6 1.0 
 BARC-901431-00997 14 64 0.2 0.0 0.1 * 1.0 
Williams 82 BARC-025179-06455 6 135 1.0 — 0.4 — 0.2 
& IA2052 BARC-052799-11625 12 31 1.0 — 0.1 — * 
¶ Recurrent parent. 
† Chromosome number.         
‡ Centimorgan position of SNP. 
* SNP was not polymorphic for that cross.        
— Cross not made. 
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Table 11. Frequency of SNPs introgressed into at least half of the derived lines 
using Williams 82 as recurrent parent and PI 65549 as the donor parent. 
  Chromosome Position   
SNP Number (cM) Frequency 
BARC-058851-15477 1 40 0.8 
BARC-062007-17609 1 41 0.8 
BARC-058135-15106 1 41 0.6 
BARC-064293-18611 1 42 0.5 
BARC-064441-18673 1 58 0.5 
BARC-053519-11885 1 60 0.6 
BARC-032525-08992 2 21 0.5 
BARC-016063-02049 2 28 0.6 
BARC-054149-12354 2 118 0.6 
BARC-062705-18010 2 126 0.5 
BARC-059321-15931 2 130 0.6 
BARC-055637-13558 3 27 0.6 
BARC-049907-09240 3 91 0.5 
BARC-060031-16308 3 92 0.5 
BARC-900569-00953 3 94 0.6 
BARC-046068-10219 4 47 0.6 
BARC-053219-11764 4 48 0.7 
BARC-058213-15160 4 51 0.8 
BARC-051261-11044 4 51 0.6 
BARC-062951-18172 4 52 0.8 
BARC-058277-15192 4 54 0.6 
BARC-019415-03923 5 17 0.8 
BARC-054163-12369 5 29 0.8 
BARC-053559-11912 5 30 0.5 
BARC-050075-09365 5 31 0.5 
BARC-024797-10343 5 32 0.5 
BARC-064115-18558 6 100 0.5 
BARC-048517-10647 7 47 0.6 
BARC-012945-00406 7 47 0.6 
BARC-023593-05477 7 61 0.6 
BARC-012865-00400 7 72 0.8 
BARC-042049-08162 9 12 0.5 
BARC-030421-06864 12 95 0.5 
BARC-055613-13490 13 77 0.6 
BARC-025561-06521 13 78 0.6 
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Table 11 (continued) 
BARC-018901-03270 15 47 0.5 
BARC-038377-10061 15 69 0.6 
BARC-060905-16966 15 71 0.6 
BARC-030059-06795 15 76 0.6 
BARC-061277-17149 15 78 0.6 
BARC-028221-05799 15 79 0.6 
BARC-025839-05112 15 93 0.6 
BARC-016775-02320 16 27 0.6 
BARC-011625-00310 16 85 0.6 
BARC-030817-06946 16 88 0.6 
BARC-042201-08212 18 38 0.6 
BARC-016859-02354 18 44 0.5 
BARC-051099-10991 18 47 0.7 
BARC-047570-12985 18 48 0.5 
BARC-064283-18606 18 48 0.5 
BARC-060177-18775 19 0 0.6 
 
 
Table 12. Frequency of SNPs introgressed into at least half of the derived lines using 
Williams 82 and IA3023 as recurrent parent and PI 65549 as the donor parent. 
  Chromosome  Position   
SNP number (cM) Frequency 
BARC-064441-18673 1 58 0.7 
BARC-047945-10443 2 71 0.6 
BARC-052169-11380 3 12 0.6 
BARC-055149-13089 3 13 0.7 
BARC-024297-04835 4 6 0.5 
BARC-046068-10219 4 47 0.6 
BARC-053219-11764 4 48 0.6 
BARC-058213-15160 4 51 0.6 
BARC-051261-11044 4 51 0.6 
BARC-062951-18172 4 52 0.6 
BARC-031311-07043 5 4 0.5 
BARC-019415-03923 5 17 0.7 
BARC-042781-08406 6 132 0.7 
BARC-025179-06455 6 135 0.7 
BARC-044869-08827 8 58 0.6 
BARC-044217-08646 8 61 0.6 
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Table 12 (continued)    
BARC-063663-18423 8 94 0.9 
BARC-057653-14889 8 99 0.9 
BARC-065805-19758 10 76 0.6 
BARC-020735-04704 10 80 0.6 
BARC-056633-14536 10 84 0.6 
BARC-039499-07504 12 26 0.5 
BARC-055731-13669 12 31 0.6 
BARC-052799-11625 12 31 0.6 
BARC-055413-13266 14 63 0.6 
BARC-058789-15439 15 81 0.6 
BARC-057281-14664 15 93 0.6 
BARC-014745-01638 16 41 0.6 
BARC-050447-09631 16 42 0.6 
BARC-030493-06880 18 63 0.6 
BARC-015633-02774 18 64 0.6 
 
 
Table 13. Frequency of SNPs introgressed into at least half of the derived lines using 
Williams 82 and IA2052 as recurrent parent and PI 65549 as the donor parent. 
  Chromosome Position   
SNP Number (cM) Frequency 
BARC-055863-13800 1 73 0.5 
BARC-047945-10443 2 71 0.5 
BARC-038989-07419 4 59 0.5 
BARC-044523-08716 4 63 0.5 
BARC-017645-02642 4 63 0.5 
BARC-021803-04215 4 65 0.5 
BARC-031311-07043 5 4 0.5 
BARC-023411-05376 5 4 0.5 
BARC-025179-06455 6 135 1.0 
BARC-059135-15629 9 42 0.5 
BARC-900871-00960 9 42 0.5 
BARC-040527-07779 9 42 0.5 
BARC-041483-08020 9 43 0.5 
BARC-050823-09918 9 45 0.5 
BARC-055355-13228 9 45 0.5 
BARC-065805-19758 10 76 0.5 
BARC-020735-04704 10 80 0.5 
BARC-056633-14536 10 84 0.5 
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Table 13 (continued)    
BARC-039499-07504 12 26 0.8 
BARC-052799-11625 12 31 1.0 
BARC-055731-13669 12 31 0.8 
BARC-029055-06058 12 60 0.5 
BARC-018895-03034 12 70 0.5 
BARC-049209-10821 12 83 0.5 
BARC-017127-02213 14 11 0.8 
BARC-014745-01638 16 41 0.5 
BARC-041445-07985 20 57 0.5 
 
 
Table 14. Frequency of SNPs introgressed into at least half of the derived lines using 
Williams 82 as recurrent parent and PI 479767 as the donor parent. 
  Chromosome Position   
SNP number (cM) Frequency 
BARC-060767-16867 1 37 0.7 
BARC-062007-17609 1 41 0.7 
BARC-064293-18611 1 42 0.6 
BARC-055637-13558 3 27 0.8 
BARC-042131-08181 16 73 0.6 
BARC-029803-06418 20 50 0.6 
 
 
Table 15. Frequency of SNPs introgressed into at least half of the derived lines using 
Williams 82 and IA2052 as recurrent parent and PI 479767 as the donor parent. 
  Chromosome  Position   
SNP number (cM) Frequency 
BARC-900336-00920 11 113 0.5 
BARC-041671-08065 13 53 0.5 
BARC-030899-06963 13 56 0.5 
BARC-010501-00676 13 56 0.5 
BARC-017179-02236 13 108 0.5 
BARC-044083-08609 15 79 0.5 
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Table 16. Frequency of SNPs introgressed into at least half of the derived lines using 
Williams 82 and IA3023 as recurrent parent and PI 479767 as the donor parent. 
  Chromosome  Position   
SNP number (cM) Frequency 
BARC-065083-19095 1 45 0.7 
BARC-053219-11764 4 48 0.8 
BARC-058213-15160 4 51 0.8 
BARC-061613-17304 4 52 0.7 
BARC-062951-18172 4 52 0.7 
BARC-014745-01638 16 41 0.6 
BARC-050447-09631 16 42 0.6 
 
Table 17. Frequency of SNPs introgressed into at least half of the derived lines using 
Williams 82 as recurrent parent and PI 483461 as the donor parent. 
  Chromosome Position   
SNP number (cM) Frequency 
BARC-018211-03157 1 97 1.0 
BARC-055637-13558 3 27 1.0 
BARC-042071-08163 3 27 1.0 
BARC-012865-00400 7 72 1.0 
BARC-061279-17151 14 63 1.0 
BARC-901431-00997 14 64 1.0 
BARC-063581-18909 18 41 0.7 
BARC-050465-09647 18 44 0.7 
BARC-057117-14589 18 46 0.7 
BARC-054849-12183 18 47 0.7 
BARC-051099-10991 18 47 0.7 
BARC-064283-18606 18 48 0.7 
BARC-047570-12985 18 48 0.7 
BARC-047582-13000 18 48 0.7 
BARC-014783-01660 18 55 0.7 
BARC-047504-12947 18 55 0.7 
BARC-062847-18118 18 56 0.7 
BARC-041445-07985 20 57 1.0 
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Table 18. Frequency of SNPs introgressed into at least half of the derived lines using 
Williams 82 and LN97-15706 as recurrent parent and PI 483461 as the donor parent. 
  Chromosome  Position   
SNP number (cM) Frequency 
BARC-016475-02622 1 18 0.5 
BARC-064297-18613 6 129 0.6 
BARC-041427-07981 6 130 0.5 
BARC-042781-08406 6 132 0.6 
BARC-025179-06455 6 135 0.5 
BARC-064613-18745 10 6 0.9 
BARC-054787-12166 15 75 0.5 
BARC-053201-11762 15 76 0.6 
BARC-056287-14214 15 76 0.6 
BARC-030059-06795 15 76 0.5 
BARC-059221-15678 15 77 0.6 
BARC-064209-18584 15 77 0.6 
BARC-061277-17149 15 78 0.5 
BARC-044083-08609 15 79 0.5 
BARC-029803-06418 20 50 0.6 
 
 
Table 19. Frequency of SNPs introgressed into at least half of the derived lines using 
Williams 82 as recurrent parent and PI 507807 as the donor parent. 
  Chromosome Position   
SNP number (cM) Frequency 
BARC-014361-01331 4 27 0.6 
BARC-012865-00400 7 72 0.8 
BARC-028583-05961 13 75 0.6 
BARC-055613-13490 13 77 0.6 
BARC-019429-03932 14 57 0.6 
BARC-019423-03930 14 58 0.6 
BARC-055413-13266 14 63 0.6 
BARC-061279-17151 14 63 0.6 
BARC-016831-02340 14 81 0.6 
BARC-057281-14664 15 93 0.6 
 
 
 
 
 78 
 
Table 20. Frequency of SNPs introgressed into at least half of the derived lines using 
Williams 82 as recurrent parent and PI 549046 as the donor parent. 
  Chromosome Position   
SNP number (cM) Frequency 
BARC-062007-17609 1 41 0.6 
BARC-065411-19443 14 13 0.6 
BARC-011625-00310 16 85 0.6 
BARC-019215-03395 16 86 0.6 
BARC-048135-10500 16 86 0.6 
BARC-030817-06946 16 88 0.7 
BARC-031515-07105 16 88 0.6 
    
 
Table 21. Frequency of SNPs introgressed into at least half of the derived lines using 
Williams 82 and IA3023 as recurrent parent and PI 549046 as the donor parent. 
  Chromosome  Position   
SNP number (cM) Frequency 
BARC-038335-10041 3 61 0.6 
BARC-020101-04452 3 62 0.6 
BARC-024297-04835 4 6 0.6 
BARC-062641-17963 4 44 0.9 
BARC-029943-06758 4 45 0.9 
BARC-053219-11764 4 48 0.8 
BARC-058213-15160 4 51 0.8 
BARC-049201-10820 4 52 0.8 
BARC-061613-17304 4 52 0.8 
BARC-062951-18172 4 52 0.7 
BARC-058277-15192 4 54 0.6 
BARC-047813-10397 4 101 0.5 
BARC-044145-08629 4 106 0.6 
BARC-049091-10809 5 47 0.8 
BARC-042853-08438 5 49 0.8 
BARC-042781-08406 6 132 0.5 
BARC-025179-06455 6 135 0.5 
BARC-054787-12166 15 75 0.5 
BARC-053201-11762 15 76 0.6 
BARC-059221-15678 15 77 0.6 
BARC-057281-14664 15 93 0.5 
BARC-014447-01366 17 22 0.5 
BARC-051099-10991 18 47 0.6 
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FIGURES 
 
Figure 1. The number of references reporting the identification and transfer of useful traits from 
185 CWR taxa to 29 crop species, showing the number of CWR taxa used in each crop (Maxted 
and Kell, 2009). 
 
 
Figure 2. Graph showing two SNPs on chromosome 1 located at 40 cM and 41 cM and 
introgressed into 80% of the derived lines from the donor parent PI 65549 and a third allele 
(position of red arrow) between them, consistently maintained as a G. max allele. Williams 82 
was the recurrent parent. 
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Figure 3. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 65549 was the donor parent and 
Williams 82 was the recurrent parent. Each block in the diagram represents a separate 
chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are arranged in 
order, going top-down, then left-right to Chr. 20 in the bottom right corner. Individual squares 
within the blocks going top-down represent the position of the SNP (cM). Going from right to 
left within a block are the different G. max × G. soja derived lines. Adjacent to the diagram are 
the list of the lines in order and the position of each chromosome. Blue represents SNP calls that 
matched the recurrent parent, while yellow and light red represents homozygous and 
heterozygous G. soja SNP calls respectively.  
† Number of backcrosses to recurrent parent. 
 
 
 
 
 
 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Position Line BC†
1 LG07-2155 2
2 LG07-2165 2
3 LG07-2180 2
4 LG07-2210 2
5 LG08-7481 2
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16 
17 
18 
19 
20 
 81 
 
 
 
 
Chromosome positions 
 
Figure 4. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. LG07-4298, LG07-4283, LG07-4295 and 
LG07-4278 were derived from two donor parents PI 479767 and PI 549046 while the rest were 
derived from PI 479767. Diagram shows introgressions from PI 479767. Williams 82 was the 
recurrent parent. Each block in the diagram represents a separate chromosome; starting with 
Chromosome (Chr.) 1 in the top left. Chromosomes are arranged in order, going top-down, then 
left-right to Chr. 20 in the bottom right corner. Individual squares within the blocks going top-
down represent the position of the SNP (cM). Going from right to left within a block are the 
different G. max × G. soja derived lines. Adjacent to the diagram are the list of the lines in order 
and the position of each chromosome. Blue represents SNP calls that matched the recurrent 
parent, while yellow and light red represents homozygous and heterozygous G. soja SNP calls 
respectively.  
† Number of backcrosses to recurrent parent. 
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Figure 5. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 483461 was the donor parent and 
Williams 82 was the recurrent parent. Each block in the diagram represents a separate 
chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are arranged in 
order, going top-down, then left-right to Chr. 20 in the bottom right corner. Individual squares 
within the blocks going top-down represent the position of the SNP (cM). Going from right to 
left within a block are the different G. max × G. soja derived lines. Adjacent to the diagram are 
the list of the lines in order and the position of each chromosome. Blue represents SNP calls that 
matched the recurrent parent, while yellow and light red represents homozygous and 
heterozygous G. soja SNP calls respectively.  
† Number of backcrosses to recurrent parent. 
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Figure 6. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 507807 was the donor parent and 
Williams 82 was the recurrent parent. Each block in the diagram represents a separate 
chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are arranged in 
order, going top-down, then left-right to Chr. 20 in the bottom right corner. Individual squares 
within the blocks going top-down represent the position of the SNP (cM). Going from right to 
left within a block are the different G. max × G. soja derived lines. Adjacent to the diagram are 
the list of the lines in order and the position of each chromosome. Blue represents SNP calls that 
matched the recurrent parent, while yellow and light red represents homozygous and 
heterozygous G. soja SNP calls respectively.  
† Number of backcrosses to recurrent parent. 
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Figure 7. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. LG07-4298, LG07-4283, LG07-4295 and 
LG07-4278 were derived from two donor parents PI 479767 and PI 549046 while the rest were 
derived from PI 549046. Diagram shows introgressions from PI 549046. Williams 82 was the 
recurrent parent. Each block in the diagram represents a separate chromosome; starting with 
Chromosome (Chr.) 1 in the top left. Chromosomes are arranged in order, going top-down, then 
left-right to Chr. 20 in the bottom right corner. Individual squares within the blocks going top-
down represent the position of the SNP (cM). Going from right to left within a block are the 
different G. max × G. soja derived lines. Adjacent to the diagram are the list of the lines in order 
and the position of each chromosome. Blue represents SNP calls that matched the recurrent 
parent, while yellow and light red represents homozygous and heterozygous G. soja SNP calls 
respectively.  
† Number of backcrosses to recurrent parent. 
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Figure 8. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 65549 was the donor parent and 
Williams 82 and IA2052 were the recurrent parents. Each block in the diagram represents a 
separate chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are 
arranged in order, going top-down, then left-right to Chr. 20 in the bottom right corner. 
Individual squares within the blocks going top-down represent the position of the SNP (cM). 
Going from right to left within a block are the different G. max × G. soja derived lines. Adjacent 
to the diagram are the list of the lines in order and the position of each chromosome. Blue 
represents SNP calls that matched the recurrent parent, while yellow and light red represents 
homozygous and heterozygous G. soja SNP calls respectively.  
† Number of backcrosses to recurrent parents. 
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Figure 9. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 479767 was the donor parent and 
Williams 82 and IA2052 were the recurrent parents. Each block in the diagram represents a 
separate chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are 
arranged in order, going top-down, then left-right to Chr. 20 in the bottom right corner. 
Individual squares within the blocks going top-down represent the position of the SNP (cM). 
Going from right to left within a block are the different G. max × G. soja derived lines. Adjacent 
to the diagram are the list of the lines in order and the position of each chromosome. Blue 
represents SNP calls that matched the recurrent parent, while yellow and light red represents 
homozygous and heterozygous G. soja SNP calls respectively.  
† Number of backcrosses to recurrent parents. 
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Figure 10. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 483461 was the donor parent and 
Williams 82 and IA2052 were the recurrent parents. Each block in the diagram represents a 
separate chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are 
arranged in order, going top-down, then left-right to Chr. 20 in the bottom right corner. 
Individual squares within the blocks going top-down represent the position of the SNP (cM). 
Going from right to left within a block are the different G. max × G. soja derived lines. Adjacent 
to the diagram are the list of the lines in order and the position of each chromosome. Blue 
represents SNP calls that matched the recurrent parent, while yellow and light red represents 
homozygous and heterozygous G. soja SNP calls respectively.  
† Number of backcrosses to recurrent parents. 
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Figure 11. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 65549 was the donor parent and 
Williams 82 and IA3023 were the recurrent parents. Each block in the diagram represents a 
separate chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are 
arranged in order, going top-down, then left-right to Chr. 20 in the bottom right corner. 
Individual squares within the blocks going top-down represent the position of the SNP (cM). 
Going from right to left within a block are the different G. max × G. soja derived lines. Adjacent 
to the diagram are the list of the lines in order and the position of each chromosome. Blue 
represents SNP calls that matched the recurrent parent, while yellow and light red represents 
homozygous and heterozygous G. soja SNP calls respectively.  
† Number of backcrosses to recurrent parents. 
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Figure 12. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 479767 was the donor parent and 
Williams 82 and IA3023 were the recurrent parents. Each block in the diagram represents a 
separate chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are 
arranged in order, going top-down, then left-right to Chr. 20 in the bottom right corner. 
Individual squares within the blocks going top-down represent the position of the SNP (cM). 
Going from right to left within a block are the different G. max × G. soja derived lines. Adjacent 
to the diagram are the list of the lines in order and the position of each chromosome. Blue 
represents SNP calls that matched the recurrent parent, while yellow and light red represents 
homozygous and heterozygous G. soja SNP calls respectively.  
† Number of backcrosses to recurrent parents. 
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Figure 13. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 549046 was the donor parent and 
Williams 82 and IA3023 were the recurrent parents. Each block in the diagram represents a 
separate chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are 
arranged in order, going top-down, then left-right to Chr. 20 in the bottom right corner. 
Individual squares within the blocks going top-down represent the position of the SNP (cM). 
Going from right to left within a block are the different G. max × G. soja derived lines. Adjacent 
to the diagram are the list of the lines in order and the position of each chromosome. Blue 
represents SNP calls that matched the recurrent parent, while yellow and light red represents 
homozygous and heterozygous G. soja SNP calls respectively. 
† Number of backcrosses to recurrent parents. 
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Figure 14. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 483461 was the donor parent and 
Williams 82 and LN97-15076 were the recurrent parents. Each block in the diagram represents a 
separate chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are 
arranged in order, going top-down, then left-right to Chr. 20 in the bottom right corner. 
Individual squares within the blocks going top-down represent the position of the SNP (cM). 
Going from right to left within a block are the different G. max × G. soja derived lines. Adjacent 
to the diagram are the list of the lines in order and the position of each chromosome. Blue 
represents SNP calls that matched the recurrent parent, while yellow and light red represents 
homozygous and heterozygous G. soja SNP calls respectively.  
† Number of backcrosses to recurrent parents. 
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Figure 15. A diagram showing genetic introgression at various loci across the soybean genome 
among Glycine max × G. soja backcross derived lines. PI 549046 was the donor parent and 
Williams 82 and LN97-15076 were the recurrent parents. Each block in the diagram represents a 
separate chromosome; starting with Chromosome (Chr.) 1 in the top left. Chromosomes are 
arranged in order, going top-down, then left-right to Chr. 20 in the bottom right corner. 
Individual squares within the blocks going top-down represent the position of the SNP (cM). 
Going from right to left within a block are the different G. max × G. soja derived lines. Adjacent 
to the diagram are the list of the lines in order and the position of each chromosome. Blue 
represents SNP calls that matched the recurrent parent, while yellow and light red represents 
homozygous and heterozygous G. soja SNP calls respectively.  
† Number of backcrosses to recurrent parents. 
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